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NEW BOOKS OF SCIENTIFIC INTEREST 


Man in a Chemical World. The service of chem- 
ical industry. A. Cressy Morrison. Illustrated. 
xi+292. $3.00. Seceribner’s. 

A popular but not a “wonder book” account of the 
important role played by chemistry in modern Ameri- 
ean life. Not seeking to contribute new technical 
information, it is rather an enthusiastic review of the 
importance of science in modern civilization. 


The Outline of Science. J. ARTHUR THOMSON. 
Illustrated. Ixii+1220 pp. $3.95. Putnam’s. 





With chapters by Lankester, Huxley and Lodge, this 
book, formerly issued in four volumes, attempts to 
combine simplicity with completeness in giving a non- 
technical picture of the history and the facts of sci- 
entific discovery in all fields. 


An Outline of General Physiology. Vv. HEIL- 
BRUNN. Illustrated. 603 pp. $5.00. Saunders. 





A textbook covering the entire range of physiology. 
[t outlines, often with considerable detail, the present 
state of knowledge concerning the subject. Copious 
bibliographical footnotes make it a convenient hand- 
book for the specialist. 

Everyday Science. A. W. Hastert. xiv +306 + 
xii pp. $2.75. Knopf. 





This book attempts to cover for the general public 
the modern trends in the various branches of science, 
with particular emphasis on the interconnections be- 
tween laboratory science and its practical applications 
in things of everyday use. 

A Story Outline of Evolution. Cxarizs W. 
Grimes. 286 pp. $2.00. Hoagland. 





An introduction to the subject of evolution written 
for the layman. The book is divided into two parts, 
one dealing with the development of man’s culture and 
civilization, including music, the other with the evolu- 


tion of organic life. 


Mysteries of Natural History. E. L. Grant War- 
son. Illustrated. x+244 pp. $1.75. Stokes. 





A series of twenty-four animal life episodes not ade- 
quately explained by science. These articles from 
scientific journals and personal observation are writ- 
ten in a popular style emphasizing environment, dis- 
cussing possible explanations. Woodcuts. 


Snakes Alive and How They Live. Cuirrorp H. 
Pore. Illustrated. xii+238 pp. $2.50. Viking. 





An informative book with a narrative background 
which answers many questions about snakes. The 
volume includes a chapter on “Snakes as Pets,” as 
well as an up-to-date key for the identification of the 
snakes of the United States. 


The Making of a Scientist. Raymonp L. Dir 
MARS. Illustrated. xii+258 pp. $2.75. Mace- 
millan. 

This well-known author and lecturer presents here 
a sort of biographical scrapbook, with particular stress 
on formative events in his scientific career. The 
reminiscences deal with insects, reptiles, mammals, the 
weather, and a variety of other topics. 

Elements of Forestry. FRANKLIN Moon and NEL- 
son C. Brown. Illustrated. xviii+397. $3.50. 
Wiley. 


This revision of a textbook in use for years is made 





to follow the rapid and sweeping changes in the na- 
tional conservation program. Beside the history, eco- 
nomics and technique of forestry, a section on oppor- 
tunities for service is included. 


Some Fundamental Aspects of the Cancer Prob- 
lem. Edited by H. B. Warp. 248 pp. $2.50. 
Science Press. 

The current status of the cancer problem presented 
by thirty-one professional workers in cancer research. 
The volume is based upon a symposium sponsored by 
the section of medical sciences at the Christmas meet 
ings of the American Association for the Advancement 
of Science. 








Bacteriology for’ Nurses. MAry E. Morse and 
MARTIN FROBISHER. [Illustrated. 482 pp. $2.50. 
Saunders. 

This revision not only presents the fundamental 
principles of bacteriology together with experiments 
and a glossary of terms, but emphasizes the applica- 
tion of bacteriologic technic to the many daily pro- 
cedures of practical nursing. 

Principles and Practice of Public Health Dentis- 
try. J. A. SALZMANN. Illustrated. xxii+ 584 
pp. $4.00. Stratford. 

Dental public health is presented from an evolution- 
ary standpoint in Part I; from the professional view- 
point in Part II; from the viewpoint of Public Health 
in Part III; while Part IV constitutes a handbook on 
dental public health practice. 


This Business World. EvGene VAN CuEer. LIilus- 
trated. viii+410+8 pp. Allyn and Bacon. 








This textbook of economic geography stresses the 
interdependence of the nations of the world. Fully 
half the volume is taken up with a consideration of 
the commercial problems of other nations, as vital 
factors in international relations. 


In the Realm of Mind. Cuarurs S. Myers. 251 
pp. $2.50. Maemillan. 





A series of articles on subjects selected from the 
entire.field of psychology. The author discusses in 
non-technical language questions ranging from the 
choice of a career and the prevention of accidents to 
the body-mind relation and the nature of mind itself. 






































THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 








FROBEN DOLLAR BOOKS 


THE LIFE OF JACOB HENLE [1921] 117 pages 


By Victor Rosinson. The first biography in the English language of one of 
the makers of modern medicine. 


a =) T . 

REMINISCENCES [1926] ‘die 
By Georce Henry Fox. The autobiography of the man who was professor of 
dermatology at Columbia University for over a quarter of a century. 


HISTORY OF CARDIOLOGY [1927] 71 pages 


By Louis FauGceres BisHop and JoHN Newson. With twelve full page 
illustrations. 


MEDICAL WOMEN OF AMERICA [1933] 112 pages 
By Kate CamMpBe_t Hurp-Meap. The first history of the pioneer women of 
America and of a few of their colleagues in England. 


OLD BLOCKLEY [1933] 173 pages 


By Davip RiesMaN and others. Bicentenary celebration of the oldest hospital 
in United States. With numerous illustrations. 


PIONEERS OF PEDIATRICS [1936] 112 pages 


By ABRAHAM LEVINSON, with foreword by I. A. Ast. With thirty illustrations. 


THE LIFE OF A LARYNGECTOMEE [1937 34 pages 
By NicHoras Enruicu. With forewords by JoHN Devereux KERNAN, Pro 
fessor of Oto-Laryngology, Columbia University College of Physicians and Sur 
geons, New York; IRA a KapI AN, C linical Protessor of Surgery, New York 
University College of Medicine, New York; Vicror Rosrnson, Professor of 
History of Medicine, Temple University School of Medicine, Philadelphia. 


PREVENTION OF PREMATURE SENILITY [1937] 
133 pages 
By Victor G. Veckit. With foreword by Vicror RosInson. 


Old Blockley is bound in paper; the others ar 
bound in boards or cloth. Prevention of Premature 
Senility is not illustrated; the others are illustrated. 


FROBEN PRESS 4 St. Luke’s Place NEW YORK.N. Y. 





Oe te Oe em 0 Fr ee ee ee et ee Te — = ee a . ~— 


—_— ee 











Ul THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 





Published by THE 


Single Number, 50 cents 
COPYRIGHT 1937 BY 





Vol. XLV, No. 4 October, 1937 Whole No. 265 


The Scientific Monthly 


An Illustrated Magazine Devoted to the Diffusion of Science 
J. McKEEN CATTELL, Editor 
WARE CATTELL, Associate Editor 


LANCASTER, PA.—NEW YORK, N. Y., Grand Central Terminal—GARRISON, N. Y. 


THE SCIENCE PRESS 


Ente red as second-class matter at the post office a 


March 3, 


SCIENCE PRESS 
Yearly Subscription, $5.00 


t Lancaster, Pa., July 18, 1923, under the Act of 
LSTY 








RECENT BOOKS OF SCIENTIFIC INTEREST 


Light. The Raw Material of Vision. THOMAS 
HALL SHASTID, 64 pp. $2.00. George Wahr, pub 


118 r to the Univers y of Miel 


In this volume Dr. Shastid, not a physicist but an 
eye-physician, considers light from a new point ol 
view Incidentally he suggests an original set of 


names for the subatomic particles 


Some Fundamental Aspects of the Cancer Prob- 
lem. Edited by H. B. Warp. 248 pp. $2.50. 
Science Press. 

The current status of the cancer problem presented 
by thirty-one professional workers in cancer research. 
The volume is based upon a symposium sponsored by 
the section of medical sciences at the Christmas meet 
ings of the American Association for the Advancement 


of Science 


Everyday Science. A. W. HASLETT. xiv +300 


xii pp. $2.75. Knopf. 

This book attempts to cover for the general public 
the modern trends in the various branches of science, 
with particular emphasis on the interconnections be 
tween laboratory science and its practical applications 
in things of everyday use 
Man in a Chemical World. The service of chem- 
ical industry. A. CrESSY Morrison. Illustrated. 
xi+292. $3.00. Seribner’s. 

A popular but not a ‘‘wonder book” account of the 
important role played by chemistry in modern Ameri 
ean life Not seeking to contribute new technical 
information, it is rather an enthusiastic review of the 


importance of science in modern civilization. 


Books previously announced will be given 


The Making of a Scientist. RAYMOND L. Dr 


MARS. Illuetrated., x 258 pp. $2.75. Ma 


This well-known author and lecturer presents here 


a sort of biographical scrapbook, with particular stress 


on ftormative events in his scientific career The 


reminiscences deal with insects, reptiles, mammals, the 


weather, and a variety of other topics 


Snakes Alive and How They Live. C.irrorp H 
Pore. Illustrated. xii+238 pp. $2.50. Viking. 

An informative book with a narrative background 
which answers many questions about snakes The 
volume includes a chapter on “Snakes as Pets,” as 
well as an up-to-date key for the identification of the 
snakes of the United States 


Mysteries of Natural History. E. L. GRANT War 


son. Illustrated. x+244 pp. $1.75. Stokes 


A series of twenty-four animal life episodes not ade 
quately explained by science These articles from 
scientific journals and personal observation are writ 
ten in a popular style emphasizing environment, dis 
cussing possible explanations W oodeuts 


An Outline of General Physiology. L. V. HEIL 


BRUNN. Illustrated. 603 pp. $5.00. Saunder 


\ textbook covering the entire range of physiology 
It outlines, often with considerable detail, the present 
state of knowledge concerning the subject Copious 
bibliographical footnotes make it a convenient hand 


book for the specialist 


space six times on this page for $12.00 


Si 


I 
of 
Wh 


mo: 
Wa 

T 
cen 
the 
che 
aut 
the 


pag 








— 


THE SCIENTIFIC MONTHLY 


Now Ready 


ADVERTISEMENTS 1 


DELTA, ESTUARY, AND LOWER 


Some Fundamental Aspects PORTION OF THE CHANNEL OF THE 


of The Cancer Problem 


Symposium sponsored by the Section on 

Medical Sciences of the American Associ- 

ation for the Advancement of Science at 

Atlantic City, N. J., December 29, 1936, to 
January 1, 1937 


Published under the direction of the following committee 
of prominent workers in medical science: William Charles 
White, Chairman; Vincent du Vigneaud, C. C. Little, Es- 
mond R. Long, and Carl Voegtlin. Edited by Henry B. 
Ward. 


The papers of this symposium bring out the advances re- 
cently made in cancer research by leading investigators along 
the three main approaches to the problem; namely biology, 
chemistry, and physics. This monograph represents an 
authoritative survey of the subject. A brief summary of 
the papers will be found in Science for February 5, 1937, 
page 156. 


Limited edition 


Price 
Cloth $2.50. Paper $2.00 
For further information and for placing advance orders 
address 


Department XSM 


The Science Press 
Lancaster, Pennsylvania 


COLORADO RIVER, 1933-1935 
By Goprrey SYKEs 


A continuation of and supplement to the 
major study of the stream dynamics of the 
lower Colorado River in the author’s recent 
“The Colorado Delta” { Publ. No. 460, pub- 
lished jointly with the American Geograph- 
ical Society of New York). 

The observations are of special significance 
because they include both the period befor: 
and after the decisive changes brought about 
by the completion of Boulder Dam. The 
range of observations has been extended to 
include the river channel between the mouth 
of the Gila River and the foot of the Grand 
Canyon, over 700 samples of bed silt having 
been secured in this section and subjected to 
a standardized form of mechanical analysis 

Publ. No. 480. Octavo, vi+/70 4 


7 plate 5, 4 text figure 59 rable ; 
Paper $1.25; cloth $1.75 
CARNEGIE INSTITUTION OF WASHINGTON 


WASHINGTON, D. C., U.S.A. 











Addre Ss 

THE TELESCOPE 
Harvard Observatory 
Cambridge, Mass. 








THE TELESCOPE 


brings you 


THE STORY OF ASTRONOMY 


POPULARLY 
FULLY ILLUSTRATED 


The Sept.-Oct. issue features the recent eclipse, with 
photographs of the newly discovered 


GLOBULAR CORONA 


taken in the substratosphere by 


Major Albert W. Stevens | 


WRITTEN 


Subscriptions 
$1.00 per year 














+ ee ee ee 0 tO EO ee ee Se aS SE ee ee ee 


a 


—-- =. - mee 








IV THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 







i 





MAKING SURE YOU GET THE 
BEST TELEPHONE EQUIPMENT 






Good in design, high in quality, low in cost and ready when 
needed—these are the requirements for telephone apparatus in 
the Bell System. 

For half a century Western Electric has met these requirements 
through centralized manutacturing and distribution. By serving 
the Bell Telephone Company in your city and in every section ol 


the country, it has helped make this nation’s telephone service 


Feros 
. <> 
, 
a a 
2 * 
7 ? 
4 s 
% 4 
\e : 
s 
“a 


GOOD TELEPHONE APPARATUS GIVES GOOD SERVICE....BELL 


what it is today. 





SYSTEM SERVICE IS BASED ON Wesfern Electric QUALITY 


THE SCIENTIFIC MONTHLY 


OCTOBER, 1937 


THE BRAIN FROM FISH TO MAN 
A SERIES OF CULMINATING PHASES IN EVOLUTION 


By Dr. FREDERICK TILNEY 


PROFESSOR OF NEUROLOGY, 


In a recent address I ventured to sug- 
gest that the human cerebrum is not yet 
a finished product; it is, in fact, only 
some intermediate stage in the ultimate 
development of the master organ of life. 


This suggestion is based upon the evo- 


lutionary changes through which the 
brain has passed. Such changes have 
been the result of structural modifica- 


tions which, beginning in the fish, have 
undergone progressive advances in am- 
phibians, reptiles and until 
they reached their present culmination in 
the brain of modern man. 

A full of these structural 
modifications would require a volumi- 
nous treatise, and therefore it is my 
purpose to single out striking 
cerebral features in which the effects of 


mammals 


discussion 


certain 


evolution are particularly clear. 

At first glance it might appear pre- 
sumptuous to attach such a traditionally 
objectionable word as ‘‘evolution’’ to the 
In order to avoid certain 


ce 


human brain. 
prevailing resistances, it may be said that 
evolution, as here conceived, embraces a 
much more comprehensive process than 
that largely current in popular thinking. 
The implications of this process are not 
limited to the anthropoids. Ne scientist 
to-day believes that any of the living 
monkeys or apes are ancestral to man. 


YS 


me. an aoe ott Os et 8 ee te 


COLUMBIA UNIVERSITY 


These animals belong to families totally 
Kor 


the most part, they have ascended well 


divergent from the human family 


up into the trees 
will 


Here, doubtless. they 


remain as unconcerned in human 


origin as they are above reproach for 


participation in it. 

Whatever interest there is in evolution 
should not, therefore, center in the ape 
and monkey kinds. The line of our an 
cestry reaches far back of them through 
millions of years. We were in the mak 
ing long before there were any apes on 
earth. They, in their tree life, merely 
showed the way which shaped our course 
To make the 


toward humanity proper 


acknowledgment of our hereditary in 


debtedness we should recognize in our 
family tree that highly important line of 
introdueed the 


them 


mammals which first 


CLS 


toms of tree living Back of are 


still older lines which deserve equal an 
cestral credit. Here are found those ani 
mals, without the existence of which we 
should never have arrived. Among these 
is that vast assortment of creatures which 
their the Age of 


All these reptilians were, i 


made appearance in 


Reptiles. 


their turn, indebted for existence to 
earlier amphibians and fish. Thus the 
true line of vertebrate evolution leads 
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Fig. 1. A chart especially prepared by Professor William King Gregory to show the rela 


i 
tions of animals past and present throughout the ages of the earth’s history. 
of the present are not the ancestors of man, they are descendants of ancestral animals of 
2) shark, (3) sturgeon, (4) polypterus, (5) newt, (6) sphenodon, (7 


the past 


(1) lamprey, 
(8) opossum, (9) ground shrew, (10) tree shrew, (11) tarsius, (12) monkey, 
(14) man. Through the courtesy of the American Museum of Natural History. 






‘ 
While the ancestors 


platypus, 
13) anthropoid, 


——— 


THE 


from fish to man (Fig. 1). Not until 
we realize and sense the full meaning 
of this long lineage does the vital—the 
inspiring—significance of evolution be- 
come clear. 
appreciate the irresistible force which 


In this way it is possible to 


has carried animal life onward and up- 
ward through the ages. This force may 
be and probably is still at work. It may 
In this light an 
might 


still carry us upward. 
evolution of the brain 
Incidentally, it may contain 
further 


prove ac- 
ceptable. 
suggestions concerning human 
advancement, possibilities for improve- 
ments and readjustments in human rela- 
tions and behavior. In view of existing 
conditions such an might 


idea even be 


welcomed (Fig. 2). 


STRIKING CONSTANCY IN THE MANNER OF 
Bratn DEVELOPMENT IN ALL 
VERTEBRATE ANIMALS 

The evidence of this evolutionary proc- 
ess includes numerous features connected 
with the genesis and growth of the brain, 
with its basic structural plan, with the 
gradual dominance acquired by the end- 
brain and with significant aspects of the 
external 
stituents of the brain as a whole. 


appearance and internal con- 

Conspicuous among these features is 
the manner in which the brain, indeed 
The 
ground-plan of this development is singu- 
larly constant in all vertebrates. It is 
exceedingly difficult, however, to detect 
where and when the 
takes place. But somewhere in that in- 
definite cell mass which marks the em- 
bryonic dawn of a new life, this critical 
Then the first signs of 
the brain can be recognized as a thin 
This early con- 


plate 


the entire nervous system, develops. 


actual beginning 


emergence occurs. 


plate of ectodermal cells. 
dition marks the neural 
(Fig. 3). 

A few hours later this plate is con- 
verted into a long, narrow 
bounded on either side by a rising neural 
fold, the neural fold and groove stage 


(Fig. 3). 


stage 


groove 
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SIMILARITY OF BONY 
TURE FROM FISH TO MAN 


STRU¢ 


FIG. 2. 


A little later the neural folds meet and 


fuse down the middle of the back and 
form a long tube, the neural tube 
(Fig. 3 

Even while this tube is forming, one 


This is the 


end of it begins to expand. 
head-end, and here the brain develops 


The rest of the tube forms the spinal 
cord. 

Almost from the beginning, the head 
or brain-end of the tube begins to special 
ize. By further expansions it forms 
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FIG. 3. DEVELOPMENT OF THE 
FROM LEFT TO RIGHT, LATE NEURAL PLATE STAGE, 


three vesicles called the forebrain, the 
midbrain and the hindbrain. Each of 
these expanded divisions presides over 
eertain definite functions of life. 

All these important changes, however, 


are apt to seem static and devoid of their 


real dynamic significance until they are 
seen in the actually living and growing 
animal. It is possible to follow the proe- 
esses of growth as they appear in motion 
picture films. Dr. William Beebe and 
Mr. John Tee-Van have succeeded in 
producing such a film. The motion pic- 
ture is the result of one of the many in- 
genious methods of study for which Dr. 
Beebe is famous. The animal used in 
this ease is the deep-sea eel, the species 
of which is not yet determined, although 
it is probably closely akin to the moray. 
After making the catch of the desired 
eggs. Dr. Beebe devised a means of iso- 
lating a single egg. When thus isolated 
the specimen was brought into a micro- 
seopie field at fairly high magnification. 





VERTEBRATE NERVOUS SYSTEM. 
NEURAL FOLD STAGE AND EARLY TUBE STAGE, 
NEURAL TUBE STAGE. 


By using a moving-picture camera in 
connection with the microscope, photo- 
graphs were taken of the growing embryo 
every minute for seven days. Approxi- 
mately 10,000 consecutive exposures were 
made. 

The process of growth begins with the 
rapid movement of cells which deter- 
mines the gastrula and is quickly fol- 
lowed by the formation of the primitive 
streak, the neural plate, neural folds and 
groove and, finally, the neural tube. The 
embryo as it grows rises in profile above 
the yolk sae and as it lengthens progres- 
sively encircles the yolk of the egg (Fig. 
tA and B). 
produces the neural tube. The head-end 


Fusion of the neural folds 


expands and begins to form the three 
primary vesicles of the brain. The re- 
mainder of the tube gives rise to the 
spinal cord, along the side of which a 
reguiar series of muscular segments 
makes its appearance. Eventually the 
heart begins to beat, at first spasmodi- 


eek 


THE BRAIN FROM 


cally and then rhythmically; then the 
first irregular movements of the body 
occur and later become characteristically 
vermicular until they are sufficiently 
frequent and ample to start the fish on 
its free swimming career with the egg 
state entirely left behind. During this 
process of growth the neural and somatic 
ectoderms have undergone complete sepa- 
ration, the brain and spinal cord have 
been surrounded by an endoskeleton and 
a body musculature has been derived 
from the muscle segments. 

Although the brain is first recognizable 
by the special expansions of the neural 
tube which form the three primary vesi- 
cles, it is only a brief time before these 
early dilated chambers become further 
modified to form five distinct vesicles. 
This change gives rise to what is known 
as the ultimo-vesicular stage, through 
which the brain of every back-boned ani 
mal passes in its growth. 


PROGRESSIVE MODIFICATIONS IN THI 
BRAIN VESICLES 
The subsequent modifications of these 


five ultimate vesicles are of such major 


Brain 


Spinal Cord 
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Through the courtesy of Di 


EMBRYONIC STAGES IN THE DEVELOPMENT OF THE CENTRAL NERVOUS 


FIG. 4. 
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importance as to require a familiarity 
with them, at least by name. Thus the 
endbrain consists of two relatively large 
sacs of neural tissue which open into 
either side of the interbrain by 
tures later to become the 
Monro. It difficult to 


that these endbrain saes are dest 


two aper 
foramina ot 


is not anticipate 


ned to 


become the vreat hemispheres ol the 


cerebrum. In their early development, 


however, they are not especially prepos 


features of the brain Immedi 


SeSSINYG 


ately behind the interbrain is the mid 


brain, and following it are the hindbraim 


and the afterbrain. Important as are 


these labels for the five cerebral divisions, 
it is equally essential to bear in mind the 
chief dynamic meaning of eacl 
For example, the endbrain ! tS most 


primitive form, is almost exclusively de 


voted to the sense of sme] This cond 

tion is true in all fishes. The interbrain 
takes charge integrating sensory im 
pressions coming in from body 
These impressions form the basis of wha 
is, perhaps, the most important of all the 
Senses, namely, body sense The mid 
brain, in the lowest animals, predom 
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FIG. 5. THE FIVE PRIMITIVE VESICLES OF THE BRAIN 
(MODIFIED FROM SPALTEHOLZ). 
nates in size over the other vesicles and enter into the essence of life, such as 
has its great importance in the fact that breathing and beating of the heart. 
it presides over the sense of sight. The The operating agents in all these five 
funetions of the hindbrain are body-_ vesicles consist of nerve cells and the 


balance and muscular coordination. The nerve fibers connected with these cells by 


afterbrain regulates the activities which means of which the brain carries on all 





Through the courtesy of the American Museum of Natural History 
FIG. 6. LOBE-FINNED FISH SHOWING AN EARLY, PARTIAL ADAPTATION TO 
LIFE ON LAND. 
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its activities. If any analogy is at all 
permissible it might be said that these 
nerve cells are like minute batteries gen- 
erating, transmitting and receiving nerve 
impulses. 

The five-vesicle arrangement is_ the 
structural set-up, even in the lowest of 
vertebrates, the cyclostomes. It also 
holds good for all the fish. Not only is 
this architectural plan constant in fish, 
but the functional assignment to each 
vesicle is equally invariable. Indeed, so 
deeply committed are most of the fish to 
this structural plan and the functional 
executions dependent thereon that only 
a few of them retain any potentiality for 
further progressive development. In a 
very true sense the great order of sharks 
has developed a brain which, so to speak, 
has led them into a blind alley so far as 
evolutionary progress is concerned. In 
these animals the endbrain, which must 
be regarded as the vanguard in all pro- 
gressive strides, is so irrevocably involved 
in the sense of smell that it has been 
deprived of the plasticity necessary to 
develop more complicated functioning. 
This structural inflexibility is likewise 
true of the bony fish. One exception to 
this uncompromising adherence to brain 
development may be found in the order 
of lung fish or lobe-fins (crossopteryg- 
ians) (Fig. 6 Here the endbrain re- 
tains many characteristics of the primi- 
tive vesicles ; it is less solid, more saccular 
in form and embedded in a rich mesh- 
work of blood vessels. The very primi- 
tiveness of such an endbrain facilitated 
if it did not actually invite the modifica- 
tions apparent in the next advance of 
cerebral evolution. 

In amphibians like the frogs, a new 
sensory pathway for hearing made its 
appearance. This added mechanism 
created the need for additional develop- 
ments in the brain, and then the reptiles, 
going a step further, introduced a more 
potent arrangement of nerve-cells by 


forming the earliest cortex of the end- 
brain. 

The formation of a cortex of any kind 
in the brain seems to be the supreme 
device for producing the most efficient 
type of neural mechanism. The secret 
of cortical formation, whenever it occurs 
in the brain, appears to le in the fact 
that the nerve cells and fibers are dis 
posed in a series of layers and not dif 
fusely clustered together. This stratifi 
cation facilitates the highest degree of 
cooperation between the various layers 
Such cortical 


of nerve-cells (Fig. 7 
arrangement of nerve-cells is actually an 
ancient device in the development of the 
brain. It has been a characteristic of the 


midbrain and, to a somewhat less degree, 








Through the courtesy of Drs. Strona and Flicun 

Fic. 7. The stratified ‘‘ corti 
ment’’ of nerve cells and fibers in the neocortex 
which, by comparison with the ‘‘ nuclear arrang¢ 
ment’’ in other parts of the nervous system, 


arrange 


greatly amplifies the possibilities of intercellular 
communication and thus provides for more ex- 
tensive utilization of nerve impulses. 
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of the hindbrain as far back as the very 
earliest vertebrates. But the appearance 
of nerve-cells disposed as stratified layers 
in the walls of the endbrain was an im- 


portant departure in the development of 


the cerebrum—a decisive step toward the 
climax of brain evolution. Whatever 
other significance it may have had, the 
appearance of the early endbrain cortex 
in reptiles, called the archicorter, pro- 
vided a strong impulse for the next great 
step which was taken by the mammals, 
namely, the eventual predominance of 
the endbrain. Once established, this pre- 
dominance drew its chief potency from 
the introduction of what has been called 
in grain organization, 


the ‘‘last word’’ 


the neocortex. 
PROGRESSIVE DOMINANCE OF THE 
ENDBRAIN 

These, in brief, are the stages through 
which the cerebrum has passed in reach- 
ing that transition which resulted in the 
endbrain. The 
several phases of this progress may be 
accurately estimated by determining the 


predominance of the 


comparative surface extent of the main 
vesicles in different classes of animals. 


TABLE I 
COMPARATIVE SURFACE EXTENT OF THE VESICLES 
IN DIFFERENT CLASSES OF ANIMALS 


Encephalic index (per cent 


Animal 


Fore Mid Hind 

brain brain brain 
Fish—-salmo-salar 19 na 38 
Amphibian—fish .... +7 27 26 
Reptile—alligator +] 25 34 
Rodent—rabbit ... : 68 0.5 27 
Carnivore log 72.5 0.5 27 
Anthropoid—gorilla S7 0.5 12.5 
Human—man-—2-yeat 

child 90.5 0.5 0.9 

TRANSITION FROM NUCLEAR TO CORTICAL 


PREDOMINANCE 
In spite of the fact that cortical for- 
mation has an antiquity in the midbrain 
which goes back to the earliest fishes, the 
reactions of these animals were in no 
small measure controlled by the nuclear 
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aggregations in the brain stem and spi- 


nal cord. In consequence of this largely 
nuclear regulation’ of its energy turn- 
over, the fish possesses a limited power to 
withhold its actions. Impressions from 
the outside world produce, in the main, 
almost immediate 
events, the reactions tend to be rapid 
and preclude a large acts 
which characterize more deliberate and 
thoughtful behavior. The brain mech- 
anism for this ample kind of life was 
in this stage of animal 
It began to make its ap- 
certain 


responses. In all 


range of 


not yet present 
development. 

pearance, however, when fishes 
partial 


These ad- 


(crossopterygians) assumed a 
adjustment to life on land. 
venturous pioneers managed to craw! 
out of the muddy waters at times when 
there was a lack of oxygen or when the 
They 


set on foot the progressive changes which 


supply of food was insufficient. 


ultimately gave rise to the fore and hind 
limbs of such amphibians as the frogs. 
When latter their 
appearance nearly all the fundamental 
the vertebrate had 
There still need for 
certain expansions and refinements in 
these, in 


these animals made 


problems of brain 


been solved. was 


brain and some part, 
were produced in the next succeeding 
habit of 


imposed 


power, 
Age of Reptiles. The ancient 
rapid reaction which 
serious limitations on the 
the fish had not been entirely overcome 


highly 
activities of 


1 For convenience of description ‘*‘ nuclear 
regulation’’ of behavior is used in contra-dis 
tinction to ‘‘ cortical regulation’’ to indicate the 


difference between the more immediate reflex 


reactions characteristic of the spinal cord and 
the more highly coordinated control of the cer 
bral cortex. A the central 


system, such as the hypoglossal nucleus, the red 


nucleus in nervous 
nucleus and the facial nucleus in the brain stem 
or the extensor and flexor nuclei in the spinal 
cord, consists of an aggregation of nerve-cells 
clustered together to form a well-defined group. 
Their reactions are limited both in the time and 
variability in their responses. Cortical strue- 
tures, on the other hand, have greater plasticity 
in all aspects of their reactions. 
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‘either by the amphibian or by the rep- 
tile. These animals still lacked the 
brain machinery needed for the more 
deliberate and varied reactions of the 
most effective kind of life. They had 
not altogether escaped from the ancient 
tyrannies of automatic response and re- 
flex reaction. And yet the reptiles were 
headed in the right direction. Their 
acquisition of an archicortex was ob- 
viously a sign of progress. This primi- 
tive type of cortex is usually considered 
a development in the interest of the 
sense of smell. I have suggested that it 
is also connected with visceral sense, that 
is, with projections upon the endbrain 
intended to elaborate impressions from 
the stomach and intestines, the heart and 
lungs, the urinary and sexual apparatus. 
the end- 
brain offers the greatest opportunities 


There can be no doubt that 
for cortical and 
mammals in 
detail of brain perfection. 
of this perfecting detail was the addition 
of a brain mechanism never possessed 
by animals before this time and in faet, 
in the strict sense, never possessed by 
New 
hemi- 


expansion, here the 
introduced the final 
The outcome 


time 


animals other than the mammals. 


and large areas of the cerebral 
spheres now came into existence to form 
the gray matter of the neocortex cover- 
ing each hemisphere. In this way bil- 


lions of new nerve cells were added to 
the brain. 
greatest importance. 
tant was their orderly arrangement in 
layers and their intimate connection by 
With the development of 


and 


Their mere addition was of 
Even more impor- 


nerve fibers. 
this 
greater capacities to react became pos- 


neocortex in mammals new 


sible. 


PROGRESSIVE MODIFICATIONS OF THE 
NEOCORTEX IN MAMMALS 
When the mammals became possessed 
of that invaluable brain equipment, the 
new cortex, they at once began to turn 
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it to their own advantage. It may be 
that the 
opened up new avenues of opportunity 


more correct to say neocortex 


which the mammals were quick to fol- 


low. At any rate, they became great ad- 
venturers and great specialists. What 
adventurers and specialists they have 


been is shown by the fact that they have 
occupied every one of the twelve habitat 


zones on land or in the water. Whales 
and porpoises have invaded the seas to 
make their dwelling places. Seals and 
their kind live partially on land and 


partially in the water. Hoofed animals 


inhabit the plains and forests. Bats and 
flying squirrels find conveyance through 
Moles and burrowing animals 
The 


every cor 


the air. 
their 
meat-eaters have scented out 


have homes underground 
ner of the earth and carry on their hunt 
ing expeditions under the guidance of a 
But 
mammals have been in their habits they 


wily brain. however varied the 
have not all capitalized their neocortical 
to the 
animals, like the 
the rabbit, the pattern of the neocortex 


The surface of the 


Some 


degree In 
the rat 


powers same 


opossum, and 
is extremely simple. 
unfurrowed 
illed 


mammals, by 


endbrain is smooth and 


Because of this fact the brain is ¢: 
lisse neephalic Certain 
contrast, have brains which are more or 
convoluted and hence ealled 
What 


of these two different 


less richly 
qure nceephalic is the significance 
types of mamma 


) 


lian hemispheres? In the gyrencephalic 


brain the surface is thrown into numer 
ous irregular convolutions which greatly 
increase the areas capable of containing 
nerve fibers The 


phalic brain, on the other hand, being by 


eells and lissence 


comparison less extensive in surface, is 


correspondingly less rich in nerve cells 


and nerve fibers. The functional mean 
ing of these two types of brain is easily 
behavior 


discerned in the differences of 


lissen 


between a gy rencephalic and a 


cephalic animal. 
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FIG. 8. RECONSTRUCTION OF THE BRAIN 

IN THE ADULT OPOSSUM TO ILLUSTRATE THE POSI 

TION OF THE RHINAL FISSURE AND THE 

BOUNDARY WHICH IT FORMS BETWEEN THE NEO 
CORTEX AND THE PALEOCORTEX. 


At this point it is appropriate to con- 
sider the cerebral assets possessed by the 
mammals in comparison with lower ani- 
There little doubt 
cerning the increased brain capacities of 
all mammalian When the ae- 
tions and capabilities of such mammals 


mals. ean be con- 


orders. 


as dogs, horses, elephants or any of the 
eat family are compared with those of 
the bird or the fish, the 
marked differences speak for themselves. 


snake or the 


The dog, for example, has by comparison 


with lower vertebrates a greatly in- 
creased capacity for getting on in life. 
He is capable of adapting himself to 
many complications incident to his asso- 
ciation with man. He has an ample and 


varied repertoire of accomplishments. 
He is capable of learning many intricate 
performances. In general, such adjust- 
ment and learning power is true of most 
of the higher mammals. It is particu- 
larly true of those having a highly de- 
Even aquatic mam- 
mals, like show a _ remarkable 
degree of adaptability. They are among 
the most interesting of trained perform- 
ers. <A glance is sufficient to 
show what an excellent, convoluted cor- 
Even in spite of their 


veloped neocortex. 


seals, 


casual 


tex they possess. 
huge proportions and awkwardness, ele- 
phants are capable of remarkable adjust- 
ments. Their cortex is also highly de- 
veloped. 

Yet, however decisive the mammalian 
superiority of brain power may be by 
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comparison with lower vertebrates, most 
mammals must be credited with distinct 
They are held down 
and limita- 
They may be well 


liabilities as well. 
by handicaps, restrictions 
tions of their own. 
adjusted to life in the water, in the air, 
on the plains, in the forest or under- 
ground, but their 
hold them to specifically restricted adap- 
tations. Such may 
with hoof and paw, wing and flipper, 
head and trunk they are able to do well. 
But here their opportunities for prog- 


own specializations 


things as be done 


ress cease. 


CAPACITY FOR ADJUSTMENT INDICATED 
BY THREE GREAT FISSURES 
OF THE BRAIN 
The story of progressive mammalian 
adjustment is distinctly outlined by 
three great fissures which occur in the 
The first of these is the 
which is the earliest to ap- 


hemispheres. 
rhinal fissure, 
pear during development and also the 
most primitive of all cerebral fissures. 
It extends backward along the outer sur- 
face of the hemisphere from the base of 
the olfactory bulb to the occipital region 
Its course runs nearer to the base than to 
the vertex of the hemisphere. In lower 
mammals, like the opossum, rat and rab- 
bit, it feature of the 
brain, but its true significance becomes 


is a prominent 


clear only upon microscopic examination 
Then it 
important functional boundary line. It 
separates the neocortex, which is situ- 
ated the 
originally an olfactory part of the brain, 
As the neocortex grad- 


(Fig. 8). is seen to form an 


above it, from paleocortex, 
which lies below. 
ually assumes its full development in 
higher mammals, the paleocortex is more 
and more foreed downward into the 
basal surface of the brain and finally is 
lost to view on the lateral surface of the 
hemisphere. The disappear- 
anee of the rhinal fissure goes hand in 
hand with the progressively increasing 


eradual 


— Ne ee Oe ew ee a 


ry’ , 
rH 
4 


dominance of the neocortex in the con- 
trol of the animal’s behavior.” 

The Sylvian fissure is the landmark 
which dominates the convolutional pat- 
tern of The 
convolutions form 


mammalian brains. 
of the hemisphere 


more or less complete arches about it. If 


most 


it were permissible to make a mamma- 
lian grouping into lower class, middle 
mammals, the 


and class 


cerebral cortex of the first group would 


class upper 
show a rhinal pattern, the second group 
pattern. The 
third group or upper-class mammals is 


would have a Sylvian 
distinguished by the presence of a long 

2 In discussing the fossil brains of some early 
tertiary North 
ealled attention to the significance and primi 


mammals of America, I have 


tiveness of the rhinal fissure. This fissure ap 
peared as a prominent feature in the brain casts 
of six different groups of mammals, including 
Perissodactyls, Arti 
Most of these 
did not become extinct until the Oligocene. In 


Amblypods, Condylarths, 
dacty ls, Carnivores and Rodents. 


the earliest and most primitive of these mam 


mals, the rhinal fissure alone appears on the 
lateral surface of the hemisphere. 


WV 
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vertical fissure which passes obliquely 


across the outer surface of the hemi- 
sphere and divides this surface into two 
nearly equal halves. This dividing line 
is the Rolandic 
pattern which it produces is the Rolan 


No single factor has been 


fissure, and the fissural! 


die pattern. 


more influential than this Rolandic fis 


sure in determining the characteristics 
of the upper-class mammals which are 
known as the Primates. By them many 
of the handicaps which restricted othe 
large measure diss! 


mammals were in 


pated. This group of animals took its 
initial and main advantage from the fact 
Tree 
began, according to 


with the late Paleo 


that it assumed a life in the trees 
living of this kind 
Professor Gregory, 
cene representatives of the tree-shrew 
and perfected arboreal primates first ap 
Notharetus 


is such a primitive primate Its hands 


peared in the lower Eocene 


and feet were of the grasping type simi 
lar to more recent primates ike lemurs 


and monkeys (Fig. 9 





—Through the courtesy of Professor William K. Gregory 
NOTHARCTUS, A PRIMITIVE PRIMATE OF THE LOWER EOCENE PERIOD, 
WHOSE HANDS AND FEET SHOW THE EFFECTS OF ADAPTATION TO 
ARBOREAL LIFE. 


FIG, 9. 
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LEFT HEMISPHERE OF THE BRAIN OF FOUR MONKEYS. 

Fic. 10. Ist row (top), one of the lowest primates, the lemur monkey. c, sulcus centralis 
(fissure of Rolando); sule. orb., suleus orbitalis; sule. temp. sup., suleus temporalis superior. 
2nd row, left hemisphere of the brain of the South American howling monkey, Mycetes seniculus. 
Obl, oblongata; ram. post., ramus posterior te"superior temporal sulcus; sule. prect. inf., sulcus 
precentralis inferior; sule. ret. inf., suleus retrocentralis inferior. 3rd row, the East Indian 
monkey, Macacus rhesus. Sule. occip. lat., sulcus occipitalis lateralis; sule. prect. inf., suleus 
precentralis inferior; sule. retroct. inf., suleus retrocentralis. 4th row, the gibbon, Hylobates 
hoolock. Cerebl., cerebellum; obl., oblongata; sule. oceip., sulcus occipitalis; sule. ocecip. lat., 
suleus occipitalis lateralis; sule. prect. inf., suleus precentralis inferior; sule. ret. sup., suleus 
retrocentralis superior; sule. simiarum, sulcus simiarum. 
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DAWN AND DEVELOPMENT OF THI mediately below man. They include the 
PRIMATE BRAIN gibbon, orang outang, chimpanzee and 

In many of their essential features gorilla. In appearance and habits these 
these animals resemble men, and for that ®@0imals are nearest to man it is in 
reason they are listed under the common _ their brain, however, that they make the 
name of primates in the same bracket closest approach to the human race 
with mankind. As in other spheres of But this approach is achieved through a 


life there are class distinctions among series of graded stages which have their 
the primates. The lowest of them in- beginning in the humble lemurs It is 
clude the lemurs, tarsiers and all the here that the dawn of the primate brain 
New World monkeys. In the next may first be discerned. The lowest of 
higher rank are the monkeys of the Old’ the primate tribes show little advance 
World. The proanthropoid and anthro- over the lower mammals. The lemurs, 
poid apes occupy the highest grade im-_ standing farthest down the seale, give 
WA 
5 Bc a 





Ul 
’ 


2 wee 
BR 
MAG 

ai 


a 





¢ 


: 


Through the courtesy of the American Museum of Natural History 


FIG. 11. HABITAT GROUP, ORANG-OUTANG, SADONG RIVER, BORNEO 
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NS 
“fase. 


FIG. 12. LEFT HEMISPHERE OF THE 
BRAIN OF THE ORANG—OUTANG. 


almost no signs that they are the real 
beginning of the long climb. Their end- 
brains are built definitely on the Sylvian 
pattern and although the rhinal fissure 
has almost entirely disappeared from the 
lateral surface of the hemisphere, only a 
faint trace of the Rolandie or central 
fissure can be detected (Fig. 10). 


BRAIN AND BEHAVIOR OF THE 
Lowest MONKEYS 

In following the progressive stages 
through which the endbrain passes in the 
primates, it will be necessary to observe 
the changes in certain lobes as well as 
the disposition of these three important 
fissures. In lemur the frontal lobe, 
which lies in front of the Rolandie fis- 
sure, has only the seantiest representa- 
tion. The parietal, temporal and oc- 
cipital lobes, on the other hand, are 
prominent. 

Certain of the lowest monkeys, in the 
South American group (Cebidae) have, 
however, taken bold strides forward. 


The brain of the howling monkey, for 
example, has a definite primate appear- 
ance. No longer does the Sylvian pat- 
tern prevail. The Rolandic fissure has 
become conspicuous, and consequently 
the frontal lobe is now a prominent fea- 
ture of the hemisphere. This advance 
can not be overestimated. Now for the 
first time it is possible to see foreshad- 
owed that region of the brain upon 
which was founded not merely the Age 
of Man but more particularly the Age of 
the Frontal Lobe (Fig. 10). The parie- 
tal and temporal lobes are well repre- 
sented, and the occipital lobe has ac- 
quired a new boundary which runs a 
somewhat spectacular course in the rest 
of the monkeys and apes. 
Thorndike has made most careful studies 
of the behavior of several different spe- 
cies of South American monkeys. He 
believes that they represent a certain ad- 
vance from the more generalized mam- 
mals toward man. All this is an ad- 
vance due to the brain acting with 


Professor 


inereased delicacy. 


BRAIN AND BEHAVIOR OF THE INTER- 
MEDIATE MONKEYS 

A good example of these monkeys is 
the Macacus or Indian monkey. Dr. 
Kinnaman, who has made studies of 
their mentality, believes that they have 
attained a higher level of intelligence 
than the New World monkeys. Profes- 
sor Thorndike and Dr. Hobhouse main- 
tain that macaques have some limited 
powers of reasoning. Professor Yerkes 
has expressed the view that the macaques 
may. have a certain number of limited 
ideas. 

The brain of these monkeys shows defi- 
nite advances. Not only are the fissures 
deeper and better defined, but the sev- 
eral lobes are larger and more exten- 
sively convoluted (Fig. 10). 


BRAIN AND BEHAVIOR OF GIBBON 
AND ORANG OUTANG 


Manlike tendencies are still more pro- 


eta 
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nounced in the proanthropoid and an- 
thropeid apes. Certain traits of this 
kind are obvious in the gibbon, which is 
stand up, walk and even run 
upon its hind legs. In the trees the loco- 
motion of these animals is different from 
that of other monkeys. The gibbons, in 
this act, employ the arms almost ex- 
clusively, swinging from branch _ to 
branch with the legs tucked up under 
the body. This is an important and pro- 
voeative change in the arboreal methods 
of transportation. In the first 
swinging from one limb to another elon- 
gated the and fingers. The 
second effect produced by this kind of 
is called brachiation, 


able to 


place, 
forearms 


locomotion, which 
was the progressive drawing of the body 
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more and into the erect 
(Fig. 10 


Another even more man-like ape is the 


more posture 


orang outang. When full grown he 
stands a little more than four feet in 
height. Professor Yerkes has contrib 
uted important studies based on intelli 


These 


} 
KNOW as 


gence tests applied to the orang 
tests were devised on what is 


the ‘‘multiple choice system’’ and used 


with the partly grown orang, ‘‘Julius.’’ 
This anthropoid continually endeavored 
to gain some insight into every test situa 


tion. Although slow, he showed that the 


had at length attained the devel 


opment 


brain 
necessary to the production of 


(Fig. 11 


In the gibbon and more particularly) 


real ideas 





Through the courtesy of the American Museum of Natural History 


FIG. 13. 


HABITAT GROUP OF CHIMPANZEES. 
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in the orang the parietal, temporal and 
occipital lobes have increased in promi- 
nence. At this stage it is possible to 
speak of a well-developed frontal lobe. 
The gradual emergence of this lobe is 
one of the features in the anthropoid 
which leads up to the entstanding char- 
acteristic of the human brain (Fig. 12). 


BRAIN AND BEHAVIOR OF THE 
CHIMPANZEE 

The chimpanzee has an established 
reputation for many valuable qualities. 
He is a performer of no mean talents 
and often as a comedian is able to earn 
a large salary. He is likewise famous as 
an acrobat. One of the best studies of 
the chimpanzee comes to us as an echo 
of the great war. Some years ago the 
Prussian Academy of Science established 
at Teneriffe in the Canary Islands a 
special station equipped for the study of 
the great manlike apes. It was here that 
Professor Kohler found himself during 





LEFT HEMISPHERE OF THE 
CHIMPANZEE. 


FIG. 14. 


the war, and here he remained interned 
with nine chimpanzees for two years. 
As a result of many ingenious tests he 
found that the animals were able to 
learn the use of certain implements and 
even to construct instruments to aid in 
obtaining food. In many respects, such 
as playing and hunting, the animals had 
numerous human resemblances. Being 
of a buoyant and mirthful nature, the 
derived pleasure ‘from 
clowning and Perhaps 
their most constructive abilities 
shown in their building 
which were brought into play under the 
urge of obtaining food. At such times 
they built tower-like structures by piling 
one box on another so that they could 
above their 


apes evident 
masquerade. 
were 


propensities, 


reach bananas suspended 
heads. Their cooperative efforts in these 
enterprises were invariably poor, for no 
sooner was the tower built than some 
mischievous operative would knock it 
down. Professor Yerkes’s studies at Yale 
on the larger anthropoids and in his 
famous breeding station in Florida have 
added highly controlled tests to these 
early experiments. It is his opinion that 
even in the complex activities of coop- 
erative effort the chimpanzee may ac- 
quire a degree of insight sufficient to 
make him an effective coworker in under- 
takings demanding the combined contri- 
butions of several individuals (Fig. 13). 

Should doubts remain concerning the 
superior, almost human capacities of the 
chimpanzee, these may soon be put at rest 
by inspection of his brain. This organ 
is human in miniature. It reveals the 
neocortical means by which this animal 
has acquired his new and extensive pow- 
ers of learning, his greater understand- 
ing, his better capacity for adjustment. 

The Rolandie pattern 
the fissural arrangement in the neocor- 
tex. All the fissures bear a close resem- 
blance to those of the human brain. The 
lobes are highly convoluted and are dis- 


characterizes 


posed much as in man, except that the 
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From Miss Alyce Cunningham’s description of John Daniel's beha 


FIG. 15. THE YOUNG GORILLA, JOHN DANIEL I, 
PORTRAYED IN A FRIENDLY ATTITUDE WITH A LITTLE PLAYMAT! 


convolutions in chimpanzee are less com- 
plex. The frontal lobe is more extensive 
than in the orang outang or any of the 
lower primates (Fig. 14 


BRAIN AND BEHAVIOR OF THE 
GORILLA 
The largest member of the ape world 
is the gorilla. There is some dispute as 
to the place he occupies among the pri- 
mates and also as to what rating his in- 
telligence deserves. Neither of the ques- 
tions can be settled at the present time. 


For many centuries the gorilla has had 
an unsavory reputation because of his 
Savage disposition. The celebrated ex 
plorer, Mr. Carl Akeley, felt that this 
huge and ungainly animal has been done 
a real injustice in this respect. Instead 
of being an incorrigible brute he is in 
reality timid and retiring. Some young 
gorillas have been subjected to prolonged 
observation. One of them, called John 
Daniel the First, was found by Miss 
Alyee Cunningham in the show window 


as a Christmas advertisement of a well 
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THE 


HEMISPHERE OF 
YOUNG GORILLA, JOHN DANIEL I. 


FIG. 16. LEFT 


known London shop. The little animal 
was suffering from influenza and rickets. 


Miss Cunningham took this infant go- 
rilla into her house and nursed him 
through his sickness. In the next three 
years he reached the weight of 112 


pounds and attained the height of 3 feet 
4} inches. Meanwhile he acquired many 
of the adjustments necessary to fit him 
as an interesting if wholly unusual mem- 
ber of the household. Miss Cunningham 
has given us an excellent account of his 
life and habits (Fig. 15). John Daniel 
gentle and affectionate in re- 
sponse to the tender care he received. 
At the end of six 

housebroken 


became 
weeks he was thor- 
and allowed the 
Generally speak- 

He manifested 


oughly 
freedom of the house. 

ing, he was not a thief. 
average honesty; but when it came to 
food, he always preferred to steal it. 
While growing up he showed a fondness 
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for friends and strangers, especially 
when they visited him in his home. He 
always took afternoon tea with the fam- 
liked his coffee 
after dinner. The family’s estimate of 
him was generally high. Incidentally 
John Daniel had a very good opinion of 


ily and demi-tasse of 


himself. He was quite well poised and 
self-contained. Nothing seemed to ruffle 
him. He appeared to believe that his 
own estimate of himself was shared by 
that every 
one was delighted to see him. After his 
death Miss Cunningham secured another 
John 


others and seemed confident 


young gorilla, which she called 
Daniel the Second. 


resembled 


These two great 


apes each other closely in 
their 


responses to training. 


reactions and in their 
John the Second 


was, perhaps, a less likable individual 


emotional 


and had a disposition more in keeping 
with the 
(Fig. 16) 

Other young animals of this species 
have been studied in captivity. One of 
them, Congo the Second, has been the 


ancient repute of gorillas 


basis of the most careful and scientific 
study thus far made on this animal. In 
his book ealled ‘‘The Mind of a Gorilla’’ 
Professor Yerkes has given us another of 
his brilliant works on animal behavior. 
All his illuminating 
and helpful in understanding the brain 


observations are 


of this great troglodyte. 
The brain is 
weighs more than that of any other an- 


gorilla’s larger and 
In many other respects 
The 
Rolandie fissure forms the boundary of 
a well-defined frontal lobe. All the other 
fissures and lobes are more prominent 
and slightly more complexly convoluted 
than in the chimpanzee. If any com- 
parative estimation can be justified at 
the present time it is that the gorilla’s 
brain appears to be the most advanced 
of the apes and is, in fact, almost human. 


thropoid apes. 
it is nearest to the brain of man. 


(To be concluded) 








PLANETARIUM OPERATION 


By JAMES STOKLEY 


DIRECTOR OF THE FELS PLANETARIUM OF THE FRANKLIN INSTITUTE, 


Four planetaria of the projection type 
developed by Carl Zeiss, Jena, are now 
in operation in the United States, nine- 
teen are in operation in Europe, another 
is being built in Paris, and one opened 
This re- 
been 


earlier this year in Japan. 
markable instrument, which 
fully described in earlier papers by the 
author and others, is therefore firmly 
established as an education feature. In 
other and Canadian 
cities projects to install them are under 
way. We of the Fels Planetarium have 
been in touch with many of these and are 


has 


several American 


always glad to be of any possible help 
and to give suggestions gained from the 
four years in which we have been in 
operation. 

The first problem to confront the pros- 
pective operators of a planetarium is 
that of the initial cost and then that of 
the income to maintain it. The cost will, 
of course, vary considerably, depending 
how elaborate an institution is 
Erected and the 
United States, duty-free, the instrument 
eosts 315,000 RM, or about $127,500 at 


There are 


upon 


desired. delivered in 


the current rate of exchange. 
a few accessories that seem to be essen- 
tial, and $500,000 seems a modest figure 
for the entire institution. 
include real estate, which could generally 
be obtained at little or no cost. Not in- 
eluding interest and depreciation, the 
operating expenses would be about 
$25,000 per year. If this is to be pro- 
vided from endowment, another $600,000 
would be needed, so that a total outlay 
of $1,100,000 would provide for a plane- 
tarium and keep it running, without any 
dependence on admission charges. 


This does not 





PHILADELPHI 


nor, 


No planetarium in this country, 
as far as I know, abroad, is in this happy 
position of being maintained by an en 
less de 


Adler 


free dem 


dowment. We are all more or 


pendent admissions. The 
Planetarium, 


onstrations three days a week, and this 


upon 
in Chicago, has 


is the only one in the United States to 


which adults are ever admitted without 
paying. At the Griffith 
Los Angeles, the Hayden Planetarium in 
New York and the Fels Planetarium, the 
only free admissions are to school chil 
The 


cents, though this varies from 


Planetarium in 


dren. usual admission fee is 25 
1S cents, 
which is a special rate that is given in 
Philadelphia to school groups from out 
side the city limits, to 60 cents, charged 
at the Hayden Planetarium for reserved 
demonstrations Con 
about 100, 


seats at evening 


sequently, an attendance of 


000 paid admissions per year will be 
necessary 

Of course, the novelty of a planeta 
rium at first attracts many people, and 


the attendance is high, then it levels off, 
subject, perhaps, to occasional stimula 
tion by large conventions or expositions 
held in the city In a 
York, there is a large 


to draw 


very few cities, 
such as New tran 


sient population from which 


people visit it with the intention of 
‘*ooing places”’ and this affords a par 
ticularly favorable class Most cities, 


like Philadelphia, however, are depen 
dent 
inhabitants. 


more completely upon the 


By comparing the popula 
tion of the metropolitan area of the four 
present planetarium cities, it is possible 
what the at 


to obtain idea of 


tendance might be at first 


some 


in other places 
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THE ADLER PLANETARIUM AND 
THIS WAS THE FIRST PLANETARIUM IN THE 
APPROACH BUILT FOR IT AT THE TIME OF 


The population of Chicago and suburbs 
is given by the World Almanae 
4,364,000, and the paid attendance at the 
Adler Planetarium during the first year 
9.3 of this, 230,943. 
Philadelphia’s metropolitan population 
is 2,847,000 and the paid attendance at 


as 


was per cent. or 


the Planetarium during the first year, 
ending November 6, 1934, was 192,000, 
or 6.7 per cent. 

During the first year of operation, 
ending on May 14, 1936, the paid at- 
tendance at the Los Angeles planetarium 
was 252,706, about 11 per cent. of the 
metropolitan population of 2,318,000. 
That this represents mainly the transient 
population is shown by the fact that the 
maxima of attendance came at the very 
times of most visitors to the city. Inei- 
dentally, Dr. Alter, director, has pointed 
out that the attendance very 
similar to that of the Huntington Li- 
brary, so an institution of this type in 
a city might afford a good index of the 


curve is 


prospects of a planetarium. 


ASTRONOMICAL 


UNITED STATES. I1 


CHICAGO. 
HERE WITH 


MUSEUM, 
IS SHOWN rHti 


THE CENTURY OF PROGRESS EXPOSITION. 

The first year of the Hayden Plane- 
tarium ended on October 2. 1936, 
691,136 persons having paid admission 
that time. This 
only by the Adler 
the first year of the Century of 


with 


Is a record ex- 


during 
ceeded Planetarium 
during 
Progress exposition. It is 6.3 per cent. 
of the total of 11,000,000 people in New 
Judging by 
that 


York’s metropolitan area. 


these data, it therefore seems any 
progressive city could count on a paid 
attendance during the first of 


least 5 per cent. of the combined popu- 


+ 
at 


vear 


lation of the urban and suburban areas. 
How 


during ensuing years? 


much will the attendance drop 
In Table I is 
given, through the courtesy of Dr. Philip 
Fox, director of the Adler Planetarium 
and Astronomical their at- 
tendance record for six years of opera- 


Museum. 


tion. Because of adverse effects of the 
Century of Progress before and follow- 
ing it on account of construction and 


demolition, and the very favorable effect 
that it had while open, these can hardly 
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TABLE I 
RECEIPTS AT THI 
ASTRONOMICAI 


ADLER PLANE 


MUSEUM 


AND 
AND 


ATTENDANCE 
rARIUM 


Total’ Paid Receipts 


Year 


Ist (1930-31). 731,108 230.943 $ 57,848.25 


(1931-82) 





2nd 511,064 146,438 36,554.00 
Srd 290.265 64,080 16,042.75 
ith 925,15 852.070 212,843.00 
5th 169,377 $11,718 102,870.28 
6th 222.876 35,602 9,022.25 
7th 256,018 42 O68 10,517.00 





Totals 3,405,864 1,782,919 $445,697.53 


the museum who did not 
the planetarium instru 


‘Including visitors to 
attend a demonstration of 
ment 

? Dr. Fox that “construction 
and demolition following the Century of 
with torn-up approach to the Planetarium, greatly 
affected attendance during 1932 and the 


to, 


Progress 


States previous 


since 


fair 

1935 and 1934 Century of Progress periods 
included, during which there were no free admis 
sions 
be considered typical. Table II, how- 
ever, presents a comparison of these 


figures for the pre-fair period with those 


OPERATION 309 
of Philadelphia over the first three years, 
together with the records of the first two 
years in Los Angeles and the first in New 
York. 
year of the Fels Planetarium paid atte 

dance dropped 41.6 per cent the 
first year ; but that the third dropped 


It will be noted that in the second 


fTrom 


only 14.5 per cent from the second This 
seems to indicate that a level of atten 
dance is being reached 

Considering these data, it seems that 


in general a city of less than 1,500,000 


inhabitants in its metropolitan area 
would be unable to support a planetarium 
by admissions alone. If some local group, 
the school board, for instance, could con 
tribute part of the expenses, any of the 
six cities not already provided, and with 
at least a million inhabitants to draw 
upon, should certainly be able to support 
Boston. Cleveland. De 


one. These are 





THE HAYDEN 

PART OF THE AMERICAN MUSEUM OF NATURAI 
UNITED STATES. 
FINANCE 


History, IN 


THE BUILDING WAS ERECTED WITH FUNDS BORRO 


PLANETARIUM, 


New YorK, WAS 


WED FROM THI 


CORPORATION. 
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TABLE Il 


COMPARISON OF ATTENDANCE 


Name and 7 rotal 

date opened Ist year 2nd year 3rd year 
Adler 

1930 May 12 731,108 511,064 290,265 
Fels 

1933 Nov. 6 281,975 167,364 124,480 


Griffith 
1935 May 15 
Hayden 
1935 Oct. 3 856,236 


606.566 506,099 


AT AMERICAN PLANETARIA 


Paid 
Ist year 2nd year Decline Srdyear Decline 
Per cent Per cent 
230,943 146,438 36.4 64,080 56.1 
191,883 112,265 $1.6 96,018 14.5 
52.706 195,251 22.7 


691,136 


*In the case both of the Adler and Griffith Planetaria, the figures for the total include visitors 


to the museum, who did not in many instances visit 
Museum during the first year (ending Nov. 5, 1934) 


the Fels Planetarium and the Franklin Institute 
was 548,987 

troit, Pittsburgh,’ St. Louis and San 
Francisco. Then there are individual 
factors that would change the conditions 
in certain places. Washington, D. C., for 
example, is listed with a metropolitan 
population of 621,000, but because of the 
transient population, as well as of the 
proximity of Baltimore, with 949,000, it 
could undoubtedly support a planetarium 
with success. 

The Hayden Planetarium was built 
with funds from the Reconstruction 
Finance Corporation, and is to be repaid 
to the government over a period of years. 
This has led many other cities to consider 
the possibility of doing likewise, or at 
least of borrowing the money and amor- 
tizing the debt, as well as paying operat- 
To do 
this in, let us say, 30 years, would necessi- 
tate at least double the income assumed 
above, and, other things equal, double the 
Using this as a criterion, 


ing expenses, out of the income. 


population. 
Detroit seems to be the only city without 
a planetarium now that could possibly 
erect one in this manner. 

But after all, why should we expect 
such an institution to pay for itself. any 


1 While this article was in press plans were 
announced for a fifth American planetarium, to 
be placed in Pittsburgh. The instrument has 
been ordered, and actual work started. The 
building, including a technological museum, is 
being erected by the Buhl Foundation, which 


will also contribute toward the operating™ 


expenses. 


the planetarium itself. The total attendance at 


more than we expect a cash return from 
any of our museums or from our public 
schools? In modern cities, the glare and 
dust make the starry skies a much less 
conspicuous part of our environment 
than they were a century ago, and people 
forget about them. 
be really educated unless he has at least 


Yet how can a person 


a passing acquaintance with the universe 
in which we are living? Here at last the 
projection planetarium provides a means 
of showing the stars, in a manner that is 
even more convenient than the real sky 
itself, because it is not affected by bad 
weather or daylight, and the motions can 
be accelerated to show the changes of 
many years or even centuries in but a 
few minutes. The intangible benefits 
from a planetarium are certainly far 
greater than those from many things for 
which municipalities and other political 
subdivisions have spent many more dol- 
lars of the taxpayer’s money. 

A group erecting a new planetarium 
should certainly draw upon the experi- 
ence of those already in operation. The 
type of projection dome is one thing that 
must be decided. The Adler Plane- 
tarium, like those in Europe, has one 
of stretched cloth. This has the disad- 
vantage of getting dirty and requiring 
renewal, as it can hardly be cleaned in 
place. The Griffith Planetarium has a 
dome of acoustic tile, which is an im- 
provement. The dome of the Fels Plane- 
tarium is of painted stainless steel sheets, 


Adan 


OME? Hi 
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bent to the proper curvature and per- 
forated to prevent echoes. Its diameter 
is 20 In the opinion of un- 
prejudiced observers, this is the best 
Its sue- 


meters. 


planetarium dome in existence. 
cess induced the builders of the Hayden 
Planetarium to adopt a somewhat similar 
construction. 

In the Fels Planetarium, the dome is 
on the ground floor and is completely 
surrounded by other parts of the build- 
ing. 
dome is very irregular and this contrib- 
utes to the excellent because 
there is little 


focussed to cause an echo. 


The space around the projection 


acousties, 
chance for sound to be 
In addition, a 
large proportion of the surrounding wall 
is covered with acoustic absorbing mate- 
rial. If it 
dome, this should not be concentric with 


is desired to have an outer 


the inner one, but should be of consider- 
With a 


concentric outer dome, echoes are almost 


ably longer radius of curvature. 


unavoidable, even if it is entirely lined 
with absorbing pads. These may absorb 


98 per cent. of the incident sound, but the 





remaining 2 per cent., when concentrated 
from a large area, is sufficient to cause an 
objectionable echo. 

Because of the fact that no windows or 
doors can be opened while lectures are in 
progress, ventilating equipment is neces- 
sary, and this should be of modern type, 
preferably to condition the air in winter 
must be 
the 


summer. Special 


and pains 


noise from 


taken to 
motors or fans being heard in the cham 


prevent any 
ber, either through the ducts or the walls 
Extra lighting should be provided. At 
the times of demonstration, all the illumi- 
nation the 
the other lights are needed 
the the 
pletely turned off; or when the chamber 


comes from instrument, but 
for cleaning 
room, when instrument is com 
is used for another meeting. 

The projection and sound equipment IS 
another Motion 


pictures as well as lantern slides can be 


important accessory. 
used to advantage, and the projector must 
generally be in a fireproof booth, in which 
the ports should be glazed to keep the 


sound of the machines out of the chamber 





THE GRIFFITH OBSERVATORY IN LOS ANGELES 
SHOWING THE ASTRONOMERS MONUMENT, IN FRONT OF THE MAIN ENTRANCE. 
THE SMALLER ONE TO THE 


Is UNDER THE LARGE CENTER DOME. 


TELESCOPE FOR THE USE OF VISITORS, WHILE 


THE PLANETARIUM 
LEFT CONTAINS A TWELVE-INCH 
THE ONE TO THE RIGHT HOLDS A COELOSTAT 


FOR REFLECTING SUNLIGHT BELOW. 
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Sound motion pictures will seldom be 
needed, though complete equipment for 
them can easily be installed, as many of 
the amplifiers will be provided for in the 
equipment for furnishing music. This 
is very desirable, both to entertain the 
visitors while waiting for the lecture to 
start, and also to give special effects by 
introducing it at appropriate times dur- 
ing lectures. 

It is also easy to install a microphone 
that can be connected with the loud 
speakers, so that the voice of the lecturer 
How- 
ever, the acoustics of a planetarium ought 


may be reinforced if necessary. 


to be so good that no competent lecturer 
should need such aid. A microphone can 
be used for two other very desirable funce- 
tions, one of which is to supply deaf sets 
for the use of persons with defective hear- 
ing. The other is to operate a loud 
speaker in the projection booth so that 


the operator can follow the lecture. The 
best place for the loud speakers is at the 
top of the dome, for then their direction 
is least apparent to the audience, and the 
entire chamber seems to be permeated 
with music. 
ble of sufficient power to produce special 


The system should be capa- 


sound effects when wanted. 

Several institutions having planetaria, 
including the Franklin Institute, gave 
consideration to placing the instrument 
on an elevator, in the manner of the 
orchestra in a motion picture theater. 
Because of the expense, however, the 
decision has always been against it. We 
have often regretted that this was not 
done, for it would be most effective to 
have the audience enter the room and see 
nothing in the center, then to have the 
instrument appear at the start. Or the 
auxiliary lighting might be used when 
the audience entered, and the instru- 








THE BENJAMIN FRANKLIN MEMORIAL AND THE FRANKLIN INSTITUTE 
IN PHILADELPHIA. AN IMPORTANT PART OF THE ASTRONOMICAL SECTION OF THIS GREAT TECHNO 
LOGICAL MUSEUM Is THE FELS PLANETARIUM, WHICH WAS THE SECOND IN THE UNITED STATES. 
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ment brought into place after the cham- 
ber was dark. This would greatly in- 
crease the realism, for it would not be 
apparent what was producing the stars. 
If the hole into which the instrument 
descended were to be covered, it would 
be easy to arrange the room for another 
At present most planctaria can 
be moved on tracks to one side for this 
purpose, though at the Franklin Insti- 
tute, with hall in the 
building, no other meeting has ever been 
held in the planetarium chamber. 

On several occasions, when presenting 


meeting. 


another lecture 


special lectures, we have erected a small 
stage at one side of the room on which to 
show certain exhibits. If such a stage 
were installed at the time of erection of 
the building, this would be much simpler. 
It should be below the horizon line of the 
dome, and might be about ten feet in 
width. 

The chief need for a planetarium when 
once established is a steady attendance, 
and unless this is achieved, the institu- 
tion will be a failure. 
be brought 


School groups can 
to special demonstrations, 
whether the students want to 
not, but this provides no excuse for not 
making them as interesting and attrac- 
tive to the audience as any to paid attend- 
The children can be splendid mis- 
sionaries, spreading word at home 


come or 


ance, 
and 
making their parents want to see this 
remarkable device. 

The visitors must be so interested that 
they will come again and again. In many 
of the German planetaria it has been the 
practice to give the same demonstration 
for a long period of time and to change 
it only after the attendance had dropped 
to a low figure. The American practice, 
on the other hand, has been to give new 
lectures every month. So many things 


ean be demonstrated that they can not 
possibly all be shown at one performance. 
There are perhaps twenty different topics 
that can be treated. 


We, for example, 
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devote two months a year to the constel- 


lation figures, pointing them out and 
telling some cf the mythological stories 
These are given in 
the 
summer evening skies, respectively, 
the 


Others, such as one on 


associated with them. 
January and July, for winter and 
and 
are simplest lectures presented 
‘*Time and Navi 
‘*The Calendar,’’ 
are necessarily somewhat more technical 
in their content, though, with the aid of 


the planetarium, the explanations can be 


gation’’ or another on 


kept simple enough for any one of normal 


intelligence to understand. Of course, it 


is assumed that the members of the 
audience will pay at least reasonable 
attention to the lecturer. In between 


these in technicality are such demonstra- 
tions as ‘‘Comets and Meteors,’’ ‘* Skies 
at the North Pole,’’ ‘‘The 
Skies,’’ ‘‘The Planets and 


tions,’’ ete. 


Southern 


their Mo 


In a city like New York, where there 


is such a large transient population, 
probably most of the planetarium visitors 
come only once, and it will be some time 
the that a 


large proportion of his audience has at 


before lecturer can assume 
tended before. 
we find that 
each audience is made up of what might 


Many 
have come three or four times, a few have 


In Philadelphia, however, 
from one third to a half of 
be called ‘‘repeaters.’’ persons 
attended practically every lecture since 
our opening, and one gentleman has come 
at least fifty times! 

An effort is made to encourage people 
to come back again and again, and for 
this reason we try to make the lectures 
sufficiently different to them 
Thus, we no longer give a detailed de 


attract 


scription of the instrument and its opera- 
first, but 
wish to know about its technical features 


tion, as we did at those who 


may get information by asking questions 
of the lecturer after the demonstration 
However, there are a few things that we 
With 


include in every lecture. one or 
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two exceptions, each starts, after a pre- 
liminary period of five to ten minutes, 
during which the lights are being dimmed 
to get the eyes of the audience dark- 
adapted, with the sunset of the present 
day. This gives the opportunity to point 
out the stars currently visible in the 
evening. Then, after passing through the 
night, the lecturer goes on to the par- 
ticular topic under discussion that month. 
Each lecture is thus complete in itself, 
and a person who comes for the first time 
will hear a complete story. 

However, there is necessarily enough 
similarity about such lectures to discour- 
age many persons from coming more than 
four or five times at the most, and we 
believe that a partial answer to this prob- 
lem is with what we have termed special 








PART OF THE DOME OF THE FELS 
PLANETARIUM DURING 
CONSTRUCTION, 

THE DOME WAS MADE OF PLATES OF STAINLESS 


STEEL, PERFORATED WITH SMALL HOLES IN ORDER 
TO BE PERVIOUS TO SOUND. RocK WOOL PADDING 
ON THE WALLS IN BACK ABSORBS THE SOUND 
WAVES, AND PREVENTS ECHOES. THIS TYPE OF 
DOME, FIRST USED IN PHILADELPHIA, WAS ALSO 
EMPLOYED IN THE HAYDEN PLANETARIUM. 


lectures. Each December since we 
opened, we have set the instrument back 
to the year 6 B.c., and have shown the 
conjunction of three bright 


which, according to Kepler’s suggestion, 


planets 
was the original ‘‘star of Bethlehem.’’ 
In 1935 and 1936 we gave this again, but 
added a special program of music and 
lighting effects, to give it something of 
an emotional as well as a scientific appeal. 
The response from the public was 
extremely gratifying. 

Another special lecture, given during 
April, 1936, was called ‘‘How Will the 
World End?’’ In this we discussed 
theories that have been proposed by emi- 
nent scientists as to the ultimate fate of 
the Earth, and also introduced lighting 
effects and a musical background. This 
involved no departure from scientific ae- 
curacy, because we carefully pointed out 
that they were all merely theoretical pos- 
sibilities and that other factors might 
prevent any one of them from coming 
to pass. 

The late Dr. Oskar von Miller, founder 
of the Deutsches Museum, where the first 
planetarium was erected, once said that a 
planetarium by itself was like a motion 
picture theater with one film, and I think 
this is perfectly true. Important though 
the planetarium is in teaching the ele- 
ments of astronomy, it does not tell the 
whole story, but should be supplemented 
whenever possible with observations of 
the actual sky. At least a small observa- 
tory should be associated with every 
planetarium. This need not increase the 
cost of the entire project more than a few 
per cent., for an extremely large instru- 
ment is not needed. In fact, a central 
city location, which is the best for the 
planetarium, to make it convenient of 
access, is one of the poorest locations for 
an observatory. An 8-inch or 10-inch 
refracting telescope, a 15-inch or 20-inch 
reflector, will do excellent work in show- 
ing the visitor the typical objects in the 
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heavens. If a telescope is installed, the 
first thought might be to place over it the 
usual observatory dome. For a research 
instrument the dome is highly desirable ; 
for a museum it might be partly justified 
from the point of view of showmanship, 
for the public does expect an observatory 
to be covered with a dome. But from the 
standpoint of maximum value to the visi- 
tor, a sliding roof, with which the entire 
sky is exposed, is much to be preferred. 
With a dome, the sky is visible through 
a narrow slit, the visitor’s view of the 
vicinity of the object at which he looks 
is greatly restricted. The sliding roof, 
on the other hand, allows him to orient 
himself with respect to familiar star 
groups in other parts of the sky. The 
next night, when he is looking at the 
skies from his home he can tell just where 
the planet or nebula is at which he gazed 
through the telescope. 

An observatory also offers an excellent 
opportunity for the small museum, in a 
community that can not support a plane- 
tarium, to take an interest in astronomy. 
In its establishment, if at all possible, the 
cooperation of local amateur astronomers 
should be secured. Recent years have 
seen a great revival in interest in as- 
tronomy, and there are many local astro- 
nomical societies throughout the country 
whose members are generally only too 
glad to help. Even when there is no 
society, a few interested persons could 
doubtless be found who would form the 
nucleus for such an _ organization. 
Closely related to such activity is the 
work of the amateur telescope makers. 
Since 1924 thousands of these instru- 
ments have been made, often by indi- 
viduals working in the cellars of their 
Others have worked in groups at 
some central, well-equipped headquar- 
ters, several of which have been estab- 
lished in connection with museums. 
After such amateurs become sufficiently 


homes. 





THE OBSERVATORY OF THE FRANKLIN 
INSTITUTE. 


IN THE FOREGROUND IS A 24-INCH REI 


TELESCOPE BY FECKER, AND IN THE REAR A 

INCH REFRACTOR, BY ZEISS. THE SLIDING ROOF, 
OPERATED BY AN ELECTRI MOTOR, EXPOSES 0 
THE VIEW OF VISITORS THE ENTIRI ‘Y, INSTEAD 


OF THE LIMITED AREA SEEN HRO 


THE USUAL DOMI 


expert, they might even be able to con 
struct a telescope for the museum 

Far less expensive, even, than a small 
telescope is a good series of astronomical! 
photographs. These can best be dis 
played as transparencies, which can be 
obtained from most of the large observa 
tories. And now they can be supple 
mented with motion pictures The 
MeMath-Hulbert Observatory, an ama 
teur institution now part of the Univer 
sity of Michigan, has specialized in 
astronomical films, and already has sev 
eral excellent subjects available. These 
include sunrise and sunset on the Moon, 
Jupiter and the motion of its satellites, 
the solar eclipse of 1932 and disturbances 
on the Sun. Like the lapse-time cinema 
pictures of growing plants, the motion is 


accelerated, and it is possible to see in a 
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few minutes what would have required 
many hours, on the same night, of watch- 
ing through a telescope. We have used 
these films to advantage both in connec- 
tion with the planetarium demonstration 
and as separate ‘‘shows’’ in our astro- 
nomical exhibit hall. They are available 
in either 16 or 35 millimeters. 

For astronomical museum exhibits 
there are many opportunities. Beautiful 
though the effect of the planetarium may 
be, it is a fact that it obtains its results 
by a geocentric mechanism and does not 
give the visitors a proper appreciation of 
the way that the planets move around the 
Sun. Consequently some sort of orrery 
should be used in conjunction with it. 
This might be either a small one, like that 
supplied by Michael Sendtner, of Munich, 
which we have in the entrance lobby, or 


a large one occupying a room nearly as 
big as the planetarium chamber itself, 
like the one at the Hayden Planetarium. 

Many other working models can be pre- 
pared, to show an eclipsing binary star, 
one in which a bright and a dark com- 
ponent revolve around each other, the 
dark one periodically eclipsing the 
brighter. A model of a transit instru- 
ment on a turning globe, to show how 
time is determined from the stars; a 
Foucault pendulum, showing the rotation 
of the earth, and a model to show its 
action; a demonstration of the action of 
mirrors and lenses in forming telescopic 
images—these are but a few of the inter- 
esting exhibits that can be made, at 
relatively small cost. Any museum can 
have some department representative of 
astronomy if the authorities wish to do so. 
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THE ALPINE PASSES IN NATURE AND 
HISTORY 
By Dr. WALTER WOODBURN HYDE 
i PROFESSOR OF ANCIENT HISTORY AND GREEK, UNIVERSITY OF PENNSYLVA 
My first Alpine walk was over the The views from the summit of the pass 

Simplon Pass, which I crossed in July, are among the finest in the Alps Krom 

; 1899, from Iselle di Trasquera at the Ital- the Bellevue Simplon-Kulm Hotel, whiel 
ian base to Brigue on the Upper Rhone in recent years has relieved the neighbor 
in Switzerland. While it is not one of ing hospice of extending hospitality to 
the lofty passes, such as the Great St. all except indigent travelers, on¢ ooks 
Bernard or Stelvio, for it is only 6,582 down the descent into Switzerland sur 
feet high, it is one of the most beautiful rounded by a galaxy of snow-clad peaks 
in the Alps. Since that time I have rising in gigantic walls on either side 
walked over most of the major passes while the view to the north is closed by 
which lead across the Great Divide from the Sparrhorn and the loftier Nesthorn 
France, Switzerland and Austria into to the left and the conical summit of the 
Italy, and some of them twice, but the Eggishorn to the right. Farther down 
impression then made upon me by the below the village of Berisal, the valley 
Simplon Pass still lingers vividly in my of the Upper Rhone comes into view 
memory. stretching for miles with its green mea 

In those days the great railway tunnel dows, ribbon-like river and snowy peaks 

beneath the highway was under con- in the distance. 
struction, for it was not opened to traffic Such mountain excursions | hav 
till seven years later. The only way, found the pleasantest feature of a holi 
therefore, to reach Brigue was over the day in the ‘‘Playground of Europe.’’ 
pass on foot or in a diligence. While Not only do they afford delightful and 
one can now—as I have since done—ride_ exhilarating walks along splendid high 
comfortably through the tunnel, a dis- ways, but the novelty, it may be 

: tance of nearly thirteen miles, in less passing a night in some lofty inn or 
than thirty minutes, the foot-journey monastery Some of the pass-routes 

: over the top of the pass still remains a_ reach altitudes of 8,000 feet or more, the 

P| long day’s walk of thirty miles. Stelvio in the Central Alps, the highest 

‘ The highway, built by order of Napo- motor-road in Europe, over 9,000. Its 

3 leon between 1801 and 1807, isa remark- summit has long been provided with a 

: able feat of engineering. Between Domo hotel from which one can enjoy superb 
d’Ossola on the Tosa, twenty-seven miles views down the gentle Italian slope and 
below Iselle in Italy, and Brigue there the almost perpendicular Tyrolean de 
are 613 bridges, 8 avalanche galleries and scent to Trafoi with the huge snow 
20 refuges. Above Gondo, the first Swiss capped Ortler immediately in front, the 
village on the ascent, it skirts the Gondo O6cetztal Alps far to the north and the 

" Gorge to Gabi, four miles beyond, one of | Bernina group to the southeast. Nearby 


the wildest defiles in the Alps. At one 
point here Napoleon’s engineers had to 
tunnel a granite cliff whose perpendicu- 


lar walls rise some 2.000 feet. 


is the Dreisprachenspitze, an eminene 
on the Pizzo Garibaldi, nearly 300 feet 
higher, the World War 


when seated on a boulder you could dis- 


where before 
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tribute your weight over three frontiers, 
those of Switzerland, Austria and Italy. 
You ean still cover three linguistic areas 
—German, Italian and Raeto-Romanic! 

It has always aroused my wonder and 
indignation that the thousands of tour- 
ists who visit Switzerland each summer 
have never learned to avail themselves 
of such mountain excursions. To almost 
a man they seem quite content with the 
lower levels, and to look up at the snowy 
peaks from such tourist-haunted centers 
as Geneva, Interlaken and Luzerne. 
They never dream that the views from 
the heights are incomparably grander 
and that many passes are easily reached 
by foot, and, if one wants more strenuous 
exercise, that there are plenty of minor 
passes bridle-paths 
where one can be alone with nature at her 


reached by stony 
best. 

I have also found such walks a valuable 
preparation of heart and muscles for 
undertaking the climb of some major 
peak. Now that for reasons all my own 
[ no longer can climb among the rocks 
and precipices of the Matterhorn nor 
the snows of Mont Blane, the easy ascent 
of the passes has, in a measure, reconciled 
me to the loss. While the way may be 
long, every step in the clear atmosphere 
reveals a constantly changing panorama 
of ridges and peaks and glimpses into 
green valleys far below, and makes one 
rejoice to be alive. And even amid the 
discomforts of storms the mountain views 
are grand. 

If one be adverse to such exercise he 
ean at least drive over many passes in an 
autobus, the suecessor of the horse-drawn 
diligence of a generation ago, as these in 
fair weather are open and allow one to 
view the scenery with ease. But I have 
found nothing comparable with a foot- 
traverse and in the last few years I have 
made many. Thus in the summer of 
1927 I crossed eight passes in the West- 
ern Alps, in that of 1929 a dozen in the 
Central Alps ranging from 6,000 to 9,000 


feet in height, and in 1931 five more in 
the Austrian Alps north of the main 
chain. These latter are lower, but afford 
exquisite views of distant ridges and 
They 
are, moreover, known to few tourists. 
But to me the greatest attraction of 
such walks is the knowledge that many 
of these passes have played important 


meadows gleaming in the sunlight. 


roles in history from antiquity to our 
time. Such a story, beginning with the 
Romans in their expansion northward in 
the early Empire, covers a period of over 
two millennia. Further back we may 
even glimpse a little of their prehistoric 
use, as disclosed by archeology and his- 
torical inference. 

Thus neolithie settlements once dotted 
the entire course of the Brenner in the 
Eastern Alps, just as villages do to-day. 
The early use of the Ligurian coast-road 
along the Riviera from southeastern 
France to Genoa is attested by myths of 
Heracles and King Cyenus—the latter 
in connection with the prehistoric amber- 
trade southward to the Mediterranean 
from the North Sea. Similarly, the early 
use of the Little St. Bernard into the 
Val d’Aosta is shown by its ancient name 
Alpis Graia, which the Romans, ever bad 
etymologists, wrongly translated as the 
‘Greek’’ pass over which they believed 
that Heracles, the first mortal to cross the 
Alps, found his way while driving 
Geryon’s oxen from Spain to Greece. 
Some of the eastern passes, notably the 
Brenner and Birnbaumerwald, because 
of their moderate heights, served as gate- 
ways through which many folk-wander- 
ings reached Italy from Central and 
Eastern Europe long before Italy was 
guilty of Rome. In this way the earliest 
Indo-European Italy, the 
Terramare peoples, must have reached 
the valley of the Po from the Save and 
Drave, and ultimately the Danube, bring- 
ing with them the rudiments of Italian 
culture and a speech which was the fore- 


invaders of 


runner of Latin. 
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And at the end of antiquity it was over 
these passes in the eastern Alps that 
many barbarian hordes came from the 
north in the fifth century to overwhelm 
the Roman Empire. Thus came the van- 
guard, the Visigoths under Alaric in 402 
and again later to sack Rome in 410—the 
first time since the Gauls under Brennus 
had sacked it exactly 800 years before, 
and an undertaking which even Hannibal 
had not dared. Radagaisus with his 
barbarians came in 405 only to meet de- 


feat. And in the middle of that terrible 
century came Attila the Hun, who 
boasted that grass never grew again 


where his horse’s hoofs had trod, and de- 
stroyed Aquileia at the head of the Adri- 
atic and was kept from sacking the Eter- 
nal City once more only through the 
persuasions of Pope Leo. Later, after 
Vandals under Gaiseric had 
Italy by sea from Africa and again de- 
stroyed Rome, still other Germanic tribes 
crossed the great mountain barrier, until 
finally Theodorie the Great with his 
Ostrogoths came in 489 and founded his 
Gothie kingdom of Italy, and old Rome 
was no more. 

Thus the ancient history of the Alps, 
from the advent of the Romans to the 
foothills and their slow expansion over 
the summits northward to Rhine and 
Danube down to the extinction of their 
mighty Empire is alone full of interest 
and even romance. Then followed the 
story of the Alps through the Middle 
Ages and modern times, when the Alpine 
passes again became important in the 
story of Europe. It will, therefore, be 
profitable to recount a few of the chief 
events in that long story. 

Our real knowledge of the Alps hardly 
antedates the coming of the Romans in 
the latter part of the third century B.c., 
long after Rome had become mistress of 
Italy. The very first mention of the 
Alps in European literature is found in 
the Greek historian Herodotus, who 
wrote in the middle of the fifth century 
B.c., but to him Alpis was only a river, a 


reached 
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tributary of the Danube. A 
later Aristotle called the chain by its 
whether Celtic or Ger 


century 


earliest name 
manic—the ‘‘ Areynian 
name recalling that of the Hercynian 
Forest, which anciently spread over a 


Mountains,’’ a 


great section of South Germany. But we 


do not meet the name Salpeis till the 
third century B.c., in the work of a little 
known Alexandrian poet. 

Curiously we do not yet know with cer 
tainty the The 
Romans naturally connected it with their 


origin of the name 
adjective albus, but more probably the 
name is Celtic for ‘‘lofty mountains,’’ as 
Celtic or Gallie tribes for centuries occu 
pied both slopes, having reached Italy 
from eastern Switzerland by way of the 
Brenner some time near the close of the 
fifth Their 
finally extended from sea to sea, so that 
throughout Roman times North Italy was 


century B.{ settiements 


known as Cisalpine Gaul. Remains of 
their speech are still found in the Italian 
foothills. 

Two centuries after the 


the Celts occurred the 


unheralded 
coming of most 
spectacular transit of the Alps in ancient 
or modern times, that of Hannibal and 
his elephants over a western pass in the 
fall of 218 B.c. 


ing which first aroused the Romans to an 


In fact it was his cross 


active interest in their northern barrier, 
and it was his traverse far more than his 
supreme military genius which has left so 
indelible a memory on all posterity since 
Thus the identification of his pass has 
been the subject of endless discussion in 
books, both 
technical and semi-romantic, have been 


our time, when all sorts of 


written on this theme from the historical, 
meteorological 
And we 
feel certain that the vexed question will 


topographical, military, 


and economic points of view. 


continue to intrigue investigators, since 
the data available are insufficient to ren- 


der a decision agreeable to all. 

Shall we ever know Hannibal’s pass? 
All we know for certain is that in march- 
ing from the Rhone he must have crossed 
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a western one. Consequently, every pass 
west of the Simplon has had its defender 

the Encyclopedia Ame ? wana even giv- 
ing the glory to the latter itself, the most 
unlikely of all. We might quote the 
words of Douglass Freshfield, the spon- 
sor of the Col de |’Argentiére route: 
‘*For until a suit of Punie armor or an 
elephant’s skeleton has been brought to 
light, the Alpine adventures of Hannibal 
must, I fear, continue as in Juvenal’s day 
to interest boys and perplex schoolmas- 
As an humble one of the latter I 
that such evidence 
conclusive, since it might 


ters.’ 
would reply even 
would not be 
equally fit the pass used by Hasdrubal 
when, eleven years later, he came to the 
aid of his more illustrious brother—and 
that 
mystery. 

While the traverse of an Alpine pass 
by an army has ever been regarded as a 
major military exploit, that of Hannibal 
‘tanks’”’ 


pass is shrouded in even greater 


is remarkable not because of his ‘ 
of that day, I mean his elephants, nor the 
hostility of the mountaineers, nor lack of 
food and fodder, nor even of a road, but 
merely because of the lateness of the sea- 
son, at the end of October, when snow 
and cold on any pass are a menace. A 
few weeks earlier would have robbed the 
exploit of much of its glamor, as various 
Celtie tribes had crossed the mountains 
long before with their women, children 
and animals, and seemingly without diffi- 
culty. 

To-day, after two centuries of learned 
wrangling, the route of the Carthaginian 
seems to be narrowed chiefly to one of 
three Livy’s account, written 
two hundred years after the event by the 
most imaginative of Roman historians 
but by one who knew nothing of the ter- 
rain involved, has Hannibal aseend the 
Durance from the Rhone, which would, if 
there were not grave difficulties in the 
way, certainly lead him over the Mt. 
The more prosaic Greek histo- 


passes. 


Genévre. 
rian, Polybius, who was born during the 
Hannibalic War, had lived in Rome 
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where he 
engaged in the events’’ and had in person 


‘questioned persons actually 
‘gone over the Alpine pass,’’ seems to 
have him ascend the Isére from 
Valence on the Rhone, which would as 
certainly lead him over the Little St. Ber- 


near 


nard or some nearby pass. 

Both these routes have had their hench- 
men—the Mt. Genévre from Gibbon in 
the eighteenth century to W. A. B. 
Coolidge, the latter a practical moun- 
taineer who advocated it only after cross- 
ing every possible Dass ; the Little St. 
Bernard from Bréval in the eighteenth 
century, through Niebuhr, Mommsen and 
Kiepert in the nineteenth, and down to 
Lenschau and others in the twentieth. 

Unfortunately neither of these routes 
has an eminence from which Hannibal 
could have shown the plains of Italy to 
his band of ‘‘emaciated scarecrows,’’ as 
both Livy and Polybius have him do. 
For this reason recently a by-pass, the 
Col Clapier leading from Bramans in 
France to Susa on the Italian descent of 
the Mt. Genévre, which does fulfil this 
condition, has been advocated especially 
by French military critics of Hannibal. 
However, it is nearly a thousand feet 
higher than the Little St. Bernard and 
two thousand higher than the Mt. 
Genévre, and besides its Italian descent 
for some 4,000 feet from the summit is by 
a zigzag rocky stairway down which it 
seems impossible that his elephants could 
have gone. It may, therefore, be better 
to regard the incident of the view as a 
fiction of Polybius copied by Livy, and to 
accept the Little St. Bernard as the logi- 
cal route for the world’s greatest com- 
mander to have followed. 

Early in the next century, 
sooner, the Romans were first attracted 
to the foothills by the mineral wealth of 
the Celts, especially the gold of the 
Salassi in the Val d’ Aosta and, later, the 
iron of the Taurisci in the Tyrol north of 
the Eastern Alps. Thus here, as later in 
Gaul and elsewhere, Roman 
Roman soldiers. jut the 
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legions were sure to follow, for soon the 
Romans came to repel invaders. 

The first of these invaders were the 
Cimbri and their kinsmen the Teutones, 
the earliest of the barbarian hordes from 
the north who came in historic times in 
search of asouthern home. In their long 
trek from Jutland on the North Sea 
southward they arrived in Noricum 
(Austria) with the intention of reaching 
the Po valley over the Eastern Alps. In 
113 B.c. a Roman army sent north to meet 
them was defeated beyond the Alps, but 
fortunately the invaders did not then 
proceed further south, but soon marched 
westward into Gaul. Here in the next 
few years they defeated three more 
Roman armies and then crossed into 
Spain. Later they returned to Gaul, and 
the vast horde divided; the Teutones 
tried to enter Italy from the northwest 
only to be destroyed by the Roman con- 
sul Marius in 102 B.c. on the Rhone above 
Marseilles, while the Cimbri on reaching 
Italy from the northwest were annihi- 
lated the next year by Marius and his col- 
league near Vercelli. It was their Ger- 
man kin who, over five centuries later, as 
already mentioned, exacted a terrible 
vengeance, when they crossed the Alps in 
successive waves and overwhelmed Italy 
and the Empire. 

Finally the Romans came as conquer- 
ors and administrators of the Alpine 
tribes and areas further north. But it 
was not till Caesar’s Gallic wars—-still 
the perplexity of school boys—that Rome 
felt the need of subduing the mountain- 
eers in order to control the pass-routes 
into Gaul and Helvetia. Caesar’s plans, 
eut short by his assassination in 44 B.c., 
were carried out by his grand nephew, 
known to us as Augustus, the founder of 
the Roman Empire. In a desultory war 
begun around 25 B.c., but whose major 
operations were completed by the em- 
peror’s stepsons, Tiberius and Drusus, in 
16-14 B.c., the entire chain became a part 
of the Roman state. 

We need mention only one incident in 


that war, the subjugation by the Roman 
commander Varro of the brave Salassi 
who had long been settled in the beauti- 
ful Val d’Aosta just under the Alps. 
For the incident is typical of the severity 
shown by Rome in building her empire. 
Many ancient historians have told it, but 
I quote a brief paragraph from the later 
Cassius Dio, who lived in the third cen- 
tury: ‘‘After forcing them to come to 
terms, Varro demanded a certain sum of 
money, as if he was going to impose no 
other punishment; then sending soldiers 
everywhere ostensibly to collect the 
money, he arrested those who were of 
military age and sold them on the under- 
standing that none of them should be 
liberated within twenty years.’’ Strabo, 
the Greek geographer who lived at Rome 
near the time, tells us that 36,000 men 
survived, 8,000 of whom, capable of bear- 
ing arms, were sold, and thus ‘‘ peace was 
kept as far as the highest parts of the 
passes. 


Augustus’s victory over the mountain 


tribes was commemorated by a trophy 


in the form of a three-storied tower 
whose ruins—restored only in 1934—still 
overlook the blue waters of the Mediter- 
ranean at La Turbie (the name is a cor- 
ruption of Latin Tropaeum) near the 
summit of the Roman coast-road above 
Monaco, now a part 
Grande Corniche. Its weatherbeaten in- 
scription names forty-eight tribes then 
subjugated, while eight others are known 
from a smaller trophy set up at Susa on 
the Mt. Genévre Route. Augustus 
further boasts on the famous Monumen- 
tum Ancyranum, lettered in Greek and 
Latin on the walls of a ruined temple at 
Angora in Anatolia, now the capital of 
the Turkish Republic, that ‘‘the war 
brought injury to none.’’ Yet he had 
caused thousands to be slain and thou- 
sands more to be driven into slavery, all 
because they had fought the good fight 
of freedom. 

By the close of the war the founder of 


of Napoleon’s 
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the Empire held both sides of the Alps, 
and he and his successors erected prov- 
inces to the north, expanding Roman 
power eventually from the North to the 
Black Seas. Only one monarch since, 
Charlemagne (768-814), has controlled 
the entire chain, for not even Napoleon 
gained all the eastern section. To-day 
the Alps are shared by six nations— 
Italians, French, Swiss, Germans, Aus- 
trians and Jugo-Slavs. 

The cultural activity thus started by 
Augustus was even more remarkable than 
the conquest—the gradual Romanization 
of a vast area, a process which continued 
to near the close of the empire. Yet 
more, for that concerns ancient history 
only; for there was started a movement 
which lasted on through the medieval 
period down to the fifteenth century, 
during which the basis of the states of 
modern Europe was being laid. This 
was Augustus’s unwitting gift to the 
modern world. 

The conduits of this cultural move- 
ment were the Alpine roads which 
Augustus and his successors built to con- 
nect Italy with the north. Along these 
highways in the valleys below flourishing 
towns arose. To-day most of the impor- 
tant towns as far north as the Rhine and 
Danube are on Roman sites. In Switzer- 
land alone nearly every large town is on 
a Roman or Celtic base. 

But many of these towns, important 
in antiquity, have had a different history. 
Thus Concordia, Altinum and Aquileia 
in Northeast Italy, the starting places of 
roads over the Alps, are now mere fishing 
hamlets. North of the Alps Carnuntum 
on the Danube, certainly one of the oldest 
towns in Europe, in prehistoric times 
being in part control of the Baltic amber- 
trade, is now a heap of ruins, while 
Vienna just to the west, once a Roman 
eamp, famed as the spot where Rome’s 
greatest emperor, Marcus Aurelius the 
philosopher on the throne, died, is now 
a great metropolis. Sirmium on the 


Save, one of the four proud capitals of 
the empire in Diocletian’s tetrarchy, is 
now only the wretched hamlet of Mitro- 
vica in Jugo-Slavia, so named from its 
cloister of St. Demetrius. 

Curiously the Romans from the time of 
Augustus onward instituted no new 
routes across the Alps, but were content 
to improve the ancient trails long before 
used by Celts and their prehistoric pred- 
ecessors. In all Augustus built some 
eight roads along these ancient trails; 
along the Riviera from Genoa west ; over 
the Mt. Genévre, a restoration by his 
prefect Cottius of an older road built in 
77 B.c. by Pompey the Great; the Little 
St. Bernard, similarly a restoration of 
the Gracchan road built in 122 B.c., and 
so the oldest in the Alps; the Brenner 
from Verona as far as Trent; the 
Ploecken route from Aquileia to Trent; 
the Birnbaumerwald road from Aquileia 
to Oberlaibach on the Save, later ex- 
tended as the ‘‘Pannonian Highway’’ to 
Carnuntum on the Danube; and proba- 
bly those over the Maloja and Julier con- 
necting the Val Bregaglia in Italy and 
Coire in the Engadine. 

Later emperors repaved these roads or 
built anew over other ancient trails. 
Thus Claudius in the first century con- 
structed a road from Venetia through the 
Valsugana to the Brenner and beyond 
over the Reschen-Scheideck and Fern 
Passes to the Danube, and another over 
the Great St. Bernard from Aosta to 
Martigny on the Upper Rhone. The 
Severi between 195 and 215 built the 
first military road across the Brenner 
and Scharntz Passes from Trent to Inns- 
bruck and on to Augsburg in Germany. 

There are remains of these Roman 
roads all over the Alps where they have 
not been covered by modern turnpikes. 
In the Austrian Alps especially I have 
frequently seen the sign Roemer Strasse 
near the present highways. There are 


“inscriptions on rock-walls and countless 


milestones. There are ruins of refuges, 
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notably a large one 216 by 60 feet, dat- 
ing from the Later Empire, on the sum- 
mit of the Little St. Bernard, discovered 
in 1837 by a party of English tourists, 
and another still larger, 200 feet square, 
found more recently three quarters of a 
mile beyond. A ruined mansio has also 
been found on the summit of the Great 
St. Bernard along with the remains of a 
temple of Jupiter—the latter the highest 
in the Roman Empire. There are many 
rock-cuttings against wind and snow, 
one, 200 feet long and 10 feet wide, being 
visible on the Great St. Bernard. 

Stretches of ancient pavement, often 
with the ruts of chariots and carts cut 
deep into the stones, are numerous every- 
where. Recently I followed two such 
above Radstadt on the northern side of 
the Radstaedter-Tauern Pass—one, now 
high above the modern road along the 
river, the other a mile long nearer the 
summit. Perhaps the best preserved re- 
mains are those between Haidenschaft 
and Oberlaibach on the Birnbaumerwald 
route, but certainly the most imposing 
are those just outside the hamlet of 
Altino, the beginning of the Via Claudia 
Augusta—now locally known as Agozzo. 
Here the pavement is twenty meters 
broad, but it gradually narrows to six, 
and in the foothills beyond to less. 

Excellent examples of wheel-ruts are 
visible, five to six feet apart, on the top 
of the Julier. Above Tweng on the 
southern ascent of the Radstaedter-Tau- 
ern Pass are the best remains I have 
seen. Here, through a defile between 
the present highway and the river, is a 
pavement of glistening white marble in 
which the ruts are from four to five 
inches deep. 

There is still another reminder of the 
ancient Alpine roads—the coins which 
have been found along them recalling the 
Roman custom of propitiating or thank- 
ing the local god for a safe transit. The 
monks of the Great St. Bernard have 
garnered over 1,600 such coins in the 


monastery museum, which date from 150 
B. C. to the barbarian invasions in the 
fifth century. On the summit of the 
Julier in a hole at the foot of one of the 
two so-called Julier columns—Roman or 
Celtic in origin—a mass of copper coins 
has been found whose dates span the four 
centuries from Augustus to Constantius 
II. The most curious cache of all, how- 
ever, was on top of the St. Theodule, a 
pass over two miles high leading from the 
Italian Val Tournanche to Zermatt, 
which I crossed in 1929. <A maid from 
the Old Hospice in 1895 found in the ice 
a hoard of 54 coins dating from the time 
of Nerva to that of Theodosius the Great, 
a period of 300 years. As there never 
has been a road over this pass ancient or 
modern, such a find is hard to explain. 
Perhaps a few intrepid merchants dared 
the glaciers as smugglers do to-day, and 
left the coins in gratitude. 

But we must not confuse these Alpine 
roads with the great turnpikes running 
straight to their goals over hills and val- 
leys which we are accustomed to associate 
with the Romans—the greatest of road- 
builders. Of such turnpikes we need 
mention only one, the oldest and at the 
same time the model of all later ones, 
the famous Via Appia built in 312 B. c. 
by the blind censor Appius Claudius 
from Rome to Capua and later extended 
to Brindisi on the Adriatic. For that 
road has no peer for longevity. Four 
hundred years later the poet Statius still 
called it ‘‘Queen of Roads,’’ and after 
another four hundred years, long after 
the barbarian invasions, Procopius, the 
court historian of Justinian’s reign, says 
it was still in good repair, the surface 
blocks ‘‘having neither separated at all 
at the joints, nor has any one of the 
stones been worn or reduced in thickness, 
nay they have not even lost any of their 
polish.’’ We have only to add that now, 
nearly fourteen centuries later, parts of 
this ancient road, especially in the vicin- 
ity of the catacombs of Rome and for a 
few miles further south, are still in use! 
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Will any of our concrete roads, racked 
by frost and heavy automobile trucks, 
last a fraction of the time? 

* The Alpine sections were far simpler 
than this and, after all, merely connect- 
ing links between the great highways far 
below. Nevertheless, they formed inte- 
gral parts of the network of roads which 
once radiated all over Western and 
Southern Europe, and far into Asia and 
Africa. 

The difficulty of crossing such moun- 
tain roads was of course then far greater 
than that which confronts travelers in 
the Alps to-day. Strabo mentions ava- 
lanches, layers of ice and roads along 
dizzy cliffs. In the fourth century 
Claudian, the last of the classical Roman 
poets, mentions ‘‘the awful paths where 
many a man has frozen to death, en- 
gulfed beneath vast masses of snow along 
with carts and oxen, where sometimes the 
entire mountain top plunges down in an 
avalanche of snow.’’ His contemporary, 
the historian Ammianus, has left us a 
vivid account of his own descent of the 
Italian side of the Mt. Genévre route 
above Susa. He speaks of steepness, 
overhanging rocks, and how in spring 
men, beasts and carts may all be en- 
guifed in crevasses, the only remedy 
being to tie the wagons together and have 
men and oxen hold them back from be- 
hind. To avoid slippery ice he says 
wooden stakes were driven into the safest 
parts as guide-posts! 

No wonder, then, that the Romans felt 
an aversion to the Alps. Their interest 
remained always practical, for the moun- 
tains were merely obstacles to be over- 
come in their expansion. Only mer- 
chants, officials and soldiers crossed them 
and never for pleasure, for the Romans 
never developed any sentimental interest 
in their scenery, inhabitants, languages, 
customs, flora or fauna. The story is 
often told how the greatest of the Ro- 
mans, Julius Caesar, once while crossing 
the Mt. Genévre to his army in Gaul com: 
posed an essay on ‘‘Analogy’’ in his 
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curtained litter quite oblivious of the 
scenery! Such a story is merely typical 
of the Roman character. 

Nevertheless the Romans overcame 
their dislike enough to build roads over 
most of the major passes yet in use to- 
day. Thus of the seven over the west- 
ern Alps they knew all except the Mt. 
Cenis and Simplon; of the nine over the 
central Alps all except the St. Gotthard, 
Lukmanier and Stelvio; of the six over 
the eastern Alps they seem to have known 
all. This gives us a total of seventeen 
major passes out of twenty-three now 
in use. And they knew about as many 
minor ones as well. This seems a small 
number if compared with the great array 
of passes, both major and minor, now in 
use, of which the Britannica lists 518 
throughout the Great Divide. 

Throughout the Middle Ages—that in- 
determinate period of over a thousand 
years from the passing of Rome to the 
bloom of the Renaissance, or, perhaps, 
to the crisis of the Reformation—the old 
Roman roads over the Alpine passes were 
still used. In fact, we have records of 
very few new routes from that period, 
and all these were in the Western Alps. 

Thus we first hear of the Mt. Cenis in 
a document of 731, and we know that its 
hospice, one of the oldest medieval ones 
in the Alps, was founded by Louis le 
Débonnaire or his son early in the next 
eentury. The St. Gotthard, one of the 
grandest of all, leading from Bellinzona 
in Italy to the Lake of Lucerne, was 
known to the Romans as far as Ander- 
matt beyond the summit, but their 
way further north was barred by the 
Schoellenen Gorge through whose per- 
pendicular walls of granite the brawling 
Reuss descends. Not until the chasm 
could be spanned by a bridge was it pos- 
sible to reach the northern exit of the 
pass, and the first ‘‘ Teufelsbruecke’’ was 
not built till around the year 1200, a 
hundred feet above the abyss. Lastly, 
the Lukmanier, after the Maloja the 
lowest and easiest pass from Switzerland 
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to Italy, is known from the records of its 
famous abbey at Disentis from 776, and 
the first recorded transit was that of the 
Holy Roman emperor Otto I, the Great, 
in the winter of 964-5. It is indeed a 
matter of wonder that throughout the 
medieval period so few new routes were 
opened and so few of the Roman roads 
were kept in repair. All sorts of reasons 
for this have been adduced—such as the 
division of authority among local powers, 
each responsible for its own section only, 
and lack of capital. But probably the 
main reason is to be found in the lack of 
labor to replace the Roman slaves. <A 
recent historian has said that not one 
Holy Roman emperor imitated his pagan 
predecessors, the Caesars, either by build- 
ing a new road or improving any of the 
old ones which they had inherited! 
What had happened? We know that 
in the gradual dissolution of the Roman 
Empire after the death of Constantine 
the Great in 337 trade everywhere waned, 
for with the spread of Christianity re- 
ligion usurped commerce as the chief 
interest of the Middle Ages. This change 
was of course reflected in the Alps as 
everywhere else. Now the merchants of 
an earlier day were replaced by pilgrims 
and ecclesiastics on the way to and from 
Rome, ‘‘the threshold of the Apostles.’’ 
The first of these medieval pilgrims to 
wander over the Alps were Saxons of 
England near the close of the seventh 
century. The first ‘‘English’’ itinerary 
describes the return journey from Rome 
of Sigeric, Archbishop of Canterbury, 
over the Great St. Bernard in 990—the 
most important itinerary since the Bor- 
deaux-Jerusalem one composed six and 
one half centuries earlier. Icelandic 
pilgrims followed the Saxons around the 
year 1000. Thus we have an account 
of a journey from Schleswig to Rome and 
Palestine and return over the Great St. 
Bernard by Nicholas of Seemundarson, 
abbot of Thingeyrar in Iceland, written 
after his return from a three-years’ pil- 
grimage made in 1151-1154. But what 


has been described more justly as the first 
Alpine ‘‘Guidebook’’ of the Middle Ages 
is the Annales of Albert of Stade, which 
describes his pilgrimage in 1236 from 
Germany over the Mt. Cenis to Rome to 
visit Pope Gregory IX. For the return 
journey the routes over the Brenner and 
St. Gotthard are described, with alter- 
nate ones over the Great St. Bernard and 
Septimer—five passes in all. 

The most popular passes in the Middle 
Ages were the Great St. Bernard in the 
west and the Brenner in the east. Be- 
tween 774-801 Charlemagne crossed the 
Great St. Bernard certainly twice, and 
perhaps six more times. In the eleventh 
century Pope Leo IX crossed the Alps 
eight times, and four were over this pass. 
It remained the chief western pass for all 
manner of men—merchants, soldiers, am- 
bassadors, church dignitaries, emperors 
and popes, while the Brenner played a 
similar réle in the eastern Alps. Thus 
out of seventy-two transits by German 
kings between 960 and 1250, forty-three 
were over the Brenner. 

That the medieval traveler faced much 
the same difficulties and dangers in cross- 
ing the Alps as his pagan predecessor is 
shown by three contemporary descrip- 
tions of transits of the Mt. Cenis and 
Great St. Bernard in the eleventh and 
twelfth centuries. These dangers, apart 
from weather conditions, were the lack of 
food and refuges and, above all, the pres- 
ence of robbers. Christian hospices, 
however, gradually replaced the Roman 
mansiones everywhere. Many of these 
have been restored or rebuilt, and so have 
survived to our time. 

Perhaps the oldest Christian hospice 
was the one which formerly stood on the 
summit of the Septimer, a pass leading 
from Bivio on the Julier route in Switzer- 
land to Casaccia in Italy. From its 
earliest mention in 831 it is known from 
documents for nearly a millennium. 
Abandoned in the tenth century, it was 
rebuilt around the turn of the eleventh, 
and again in 1542, and the latter one con- 
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tinued down to 1778. To-day even the 
site is difficult to identify, as I found in 
the summer of 1929. In fact, no Alpine 
pass has suffered such a woeful eclipse as 
the Septimer. From the ninth to the 
sixteenth century, it was one of the chief 
passes leading from the Upper Rhone to 
Lombardy, crossed by many pilgrims, 
merchants and German emperors with 
their armies. To-day its lonely trail is 
overgrown with shrubbery and almost 
forgotten, as it is now traversed only by 
a few pedestrians who use it as a short 
eut over the longer Maloja-Julier route 
near-by. 

Of all medieval Alpine hospices none 
has greater fame than the two founded 
by St. Bernard, ‘‘the Apostle of the 
Alps,’’ which after various restorations 
still stand on the summits of the passes 
which bear his name. We know all too 
little of this courageous archdeacon of 
Aosta. We know he was born at Men- 
thon, where his ancestral castle still 
stands above the famous spa of Haute- 
Savoie. Even the room is still shown 
from whose window tradition has Ber- 
nard leap rather than marry the beauti- 
ful bride whom his father had selected 
for him—the event which sent him into 
the arms of the church. But even the 
date of his birth is contested. The one 
thousandth anniversary of the traditional 
date was celebrated by an encyclical of 
the present Pope Pius XI in 1923, in 
which he is named ‘‘ protector of Alpine 
climbers,’’ to which hob-nailed fraternity 
His Holiness belonged in his youth, when, 
in 1899, he discovered the ‘‘ Ratti’’ route 
up Monte Rosa from Macugnaga. But 
now it is usual to push the date forward 
nearly a century, placing his death in 
1081 instead of 1007, and the founding 
of the hospices between 1045 and 1049. 

The Little St. Bernard hospice, for 
centuries controlled by the brothers of 
the Great St. Bernard, but now by the 
religious and military Order of Saints 
Maurice and Lazarus, has extended hos- 
pitality to needy travelers for centuries 


past. To-day some 15,000 travelers, 
mostly work-people from Italy, are said 
to cross the pass each summer and the 
refuge is kept open during the winter 
like its sister on the Great St. Bernard, 
though only the rector and a couple of 
servants are left with one or two dogs to 
carry on the work of rescue. 

A visit to the loftier Great St. Bernard 
hospice is far more interesting. An 
abbey was founded at Bourg-St.-Pierre, 
eight miles below the summit on the 
Swiss descent, early in the ninth century. 
It was destroyed in the following century 
by marauding Saracens, who had their 
headquarters on the summit, perhaps in 
the ruins of the Roman refuge there. 
Though it was soon rebuilt its impor- 


tance waned with the building of the 
hospice above. 

The present building dates from the 
middle of the sixteenth century and its 
church from 1686. Besides the church 
it contains quarters for the prior and 
brothers, sixty beds for wayfarers, re- 


fectory, library of some 2,000 books, 
mostly gifts of travelers, and a museum 
of natural history, mineralogy and all 
sorts of Roman antiquities picked up on 
the pass. In 1898 a large annex, con- 
nected by a covered overhead passage, 
was built directly across the road with 
seventy beds. In 1925 it was converted 
into a hotel and restaurant, where all 
travelers, except those sans resources, 
must stay. Latterly those who arrive by 
autobus must pass on, in conformity 
with the ancient idea of a refuge for foot 
travelers. 

I have most pleasant memories of a 
night which I spent here in August, 1912. 
I had walked up the Swiss side and was 
drenched by a storm of sleet encountered 
near the summit. Many other guests 
had already arrived by bus, and after a 
plain supper we all assembled in the cozy 
library on the second floor, which was ap- 
parently the only other heated room in 
the monastery. For our night’s enter- 
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tainment we were expected to leave a 
gratuity in a box in the church simply 
marked offrandes pour l’hospice. It is 
a sad commentary on the ways of tour- 
ists that while perhaps 30,000 travelers 
crossed the pass each season, only a frac- 
tion of the upkeep of the hospice was 
defrayed by such donations. That is 
why the brothers turned the annex into 
a hotel, where ordinary tariffs are paid. 
On a second visit, fifteen years later, I 
was, therefore, courteously refused lodg- 
ing at the monastery after the brother 
who had answered the bell found I was 
not without resources. 

In the romantic novelty of a sojourn 
at such a height and in such solitude, 
one is apt to forget how dreary life must 
be for the brave little band of a dozen 
monks through the nearly nine months 
of the year when the hospice is prac- 
tically inaccessible. Then the few way- 
farers are poor, the cold is intense, the 
snow at times reaches above the second 
story windows—as dated lines drawn on 
the walls indicate—and blizzards buffet 
the summit. The brothers begin their 
work of rescue at eighteen or nineteen, 
but rarely finish their vow to remain 
fifteen years. Broken in health they 
descend to the dependency at Martigny, 
and there pass the remainder of their 
lives. 

For, after the Fourth Cantoniera of 
Santa Maria on the Stelvio route, which 
is forty-six feet higher, the Great St. 
Bernard hospice, 8,114 feet high, is 
the loftiest all-year-round habitation in 
Europe. The higher Hotel Ferdinands- 
hoehe on the summit of the Stelvio, 
9,045 feet high, the Payerhuette, a climb- 
er’s refuge high up on the side of the 
Ortler, 9,908 feet high, and the inn re- 
cently erected on the Jungfraujoch, 11,- 
340 feet, the highest in the world, are 
only open in summer. In some years 
one can not reach the monastery till the 
middle of July because of the deep snow. 

The monks in their work of rescuing 


travelers in distress are aided by their 
famous dogs, whose keen scent and en- 
durance make them valuable in tracking 
those lost in the snow, and in bringing 
them first aid in the form of brandy. 
As the breed died out some years ago, 
Newfoundland dogs are used now. If 
a body is retrieved it is brought to the 
tiny morgue at the monastery, and there 
wrapped in a linen shroud and laid on 
a table. Here it remains until a second 
one replaces it, when it is stood upright 
against the wall with others, a custom 
common to many monastic orders. Be- 
cause of the cold dissolution is very slow, 
and thus the dead man’s friends can 
recognize the body long afterwards. 
Finally the bones are laid away, in what 
for lack of a better word, may be called 
a cemetery. But any real burial here is 
impossible amid the rocks which cover 
the summit. 

In modern times the Alps have played 
an ever increasing role in war and com- 
merce and, more recently, also in sight- 
seeing. The latter is true of the last 
eentury during which splendid highways 
have been built the main 
passes, and since 1900 automobiling over 
them for pleasure has very 
common. 

There have been many historic transits 
of the Alps by armies in the last four 
centuries, and here above the clouds 
many heroic struggles for the possession 
of the pass-routes have taken place, cul- 
minating in those of the World War, 
when Italians and Austrians thus fought 
in the Eastern Alps. From a great num- 
ber of military transits I shall mention 
only three of the more spectacular, one 
in the early sixteenth century and the 
other two three centuries later around 
the turn of the nineteenth. 

The first important military transit in 
the modern era was that of the youthful 
Francis I, who with an army of 20,000 
men and 75 cannon crossed three passes 
of the western Alps from Grenoble to 


across all 


become 
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Italy in three days of August, 1515—the 
Col de Vars, Pas de la Reysolle and Col 
de l’Argentiére. This was prior to the 
**moonlight’’ battle of Marignano in the 
following September, where the French 
arquebus was victorious over the pikes of 
the Swiss. Francis’s experiences recall 
those of Hannibal, for he also had to 
follow bypaths never before crossed by 
an army and to blast the rocks. He had 
to swing his guns from rock to rock, and 
finally his cavalry vanguard swooped 
down upon the Papal troops so suddenly 
that the leader of the latter, Colonna, 
afterwards made prisoner, asked if they 
had descended from the clouds! 

In 1799 and 1800, respectively, oc- 
eurred two remarkable military transits, 
those of Suvarov and Napoleon. In 
September, 1799, the gigantic Russian 
field-marshall—he was six feet and 


eleven inches tall—when seventy years 
of age crossed the St. Gotthard on his 
return from North Italy where he had 
been fighting the French revolutionary 


troops. In the Schoellenen Gorge on the 
Swiss descent occurred one of the most 
terrific battles in Alpine history between 
his men and the French who barred the 
way, a struggle lasting four days and 
ending in the retreat of the latter. The 
battle is commemorated by a granite 
cross thirty-six feet high and a Russian 
inscription cut into the rock-wall above 
the present Teufelsbruecke, where the 
struggle took place. 

Napoleon’s passage of the Great St. 
Bernard with 36,000 men in 1800 is, per- 
haps, the most famous in modern times, 
though a good deal of its fame seems 
fictitious. During the Italian campaigns 
of 1798 and 1799 French and Austrian 
troops had repeatedly crossed the pass, 
and in the latter year the Austrians were 
unable to dislodge a garrison of 180 
Frenchmen then quartered in the hospice 
on the summit. The next spring Napo- 
leon sent his army across en échelon dur- 
ing the week of May 15 to 21, and then 
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followed in person, starting from Mar- 
tigny on the Rhone before dawn of the 
twentieth. 

Painters have pictured his crossing the 
Alpine snows at the head of his troops 
fully caparisoned and riding a dashing 
charger. Nothing could be further from 
the truth, for he wore his usual grey 
surtout and was seated upon a mule in 
the rear of his last regiment! More- 
over, he had only three companions, his 
aide Duroc, his secretary Bourrienne and 
a local peasant guide, with the latter of 
whom he whiled away the tedium of the 
journey in conversation, and to whom he 
later gave a house and field to facilitate 
his marriage. He lunched at Bourg-St. 
Pierre at the mouth of the Valsorey 
Gorge eight miles below the summit. 
The tiny inn there has ever since borne 
the grandiloquent title of Hotel du 
Déjeuner de Napoléon Premier. On one 
of my walks over the pass I had the honor 
of sitting in the armchair in which the 
First Consul sat, and listening to the 
tradition that Napoleon’s meal consisted 
of eggs, toast and coffee like my own! 

On reaching the summit he stopped at 
the hospice only long enough to thank the 
monks for their entertaining his troops. 
In gratitude he promised he would place 
them in charge of the hospice on the 
neighboring Simplon over which he had 
already planned a military highway, and 
to this day both hospices are under the 
Augustinian Order. He glissaded on the 
Italian descent like any tourist of to-day, 
and spent the night at the hamlet of 
Etroubles, having covered forty miles 
astride his mule that day! On the fol- 
lowing day he continued on to Aosta and 
Bard in preparation for his victory to be 
won at Marengo on the fourteenth of 
June. 

Such transits as those described fol- 
lowed the old Roman-medieval roads. 
Before Napoleon little road-building in 


-the modern sense was known in the Alps. 


To be successful such construction re- 
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quired the use of powder to break the 
rock, and it is curious how slowly blast- 
ing-powder came into use. We first hear 
of ‘‘powder-blasts’’ toward the end of 
the Middle Ages in connection with 
‘‘Kunter’s Way,’’ a two-mile section of 
the Brenner built in the fourteenth cen- 
tury. Again in the fifteenth, between 
1481 and 1483, Duke Sigmund of Tyrol 
built another section of the same pass- 
route by splitting the rock with ‘‘fire, 
sulphur, and iron.’’ But powder on an 
extensive scale was first employed in 1697 
in the construction of a rock-hewn road 
through the Berguen Gorge of the 
Albula. And we hear little more of its 
use for a century thereafter. 

It was Napoleon, then, who, during 
his temporary hold on Switzerland and 
North Italy, gave the modern impetus 
to Alpine road-building, an impetus com- 
parable with that of Augustus eighteen 
centuries before. For, during his transit 
of the Great St. Bernard just described, 
he experienced the difficulties of trans- 
porting an army over a lofty pass with- 
out a good road. His artillery was then 
as badly impeded by natural difficulties 
in ascending the Valsorey Gorge—up 
which his cannon had to be dragged 
encased in hollow logs—as Hannibal’s 
elephants had been. 

Between 1800 and 1810 Napoleon had 
four military highways constructed over 
the western Alps: the coast-road from 
Nice to Genoa, including the Grande 
Corniche to Mentone, and those over the 
Mt. Genévre, Mt. Cenis and Simplon. 
Curiously he did not build one over the 
Great St. Bernard, where a modern road 
was not completed on the Swiss side till 
1893, and on the Italian, including the 
connecting link over the top, till 1905. 
He also began a road over the Col de 
l’Argentiére, and planned another over 
the lofty Umbrail far to the east, which 
was not finished till three years after his 
death on St. Helena, and was restored 
between 1899 and 1901. Before the 
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1830’s were over many other pass-roads 
had been built—notably those over the 
Simplon, Julier, San Bernardino, St. 
Gotthard and Stelvio. 

In the modern period only a few major 
pass-routes have been opened, even fewer 
than in the medieval period preceding. 
Perhaps the best example of such a new 
route is that over the Stelvio in the Cen- 
tral Alps. Here the Austrian Govern- 
ment constructed a military road in 
1820-1825 as a feeder into the Umbrail 
route then being built. Its construction 
was a continuous struggle with snow and 
ice at a height theretofore open only to 
expert climbers, a truly astonishing work 
of engineering skill. 

Railways over the passes began with 
that across the Semmering in Austria, 
built 1845-1854. The seventy-fifth an- 
niversary of the first official transit by 
the then youthful Franz Josef was cele- 
brated on April 17, 1929. It was fol- 
lowed by a railway over the Brenner in 
1867, and that by the boldest and most 
spectacular mountain-railway in the 
world, the one built over the St. Gotthard 
between 1872 and 1882. For this rail- 
way has 324 bridges and 80 tunnels— 
including the great one under the pass to 
be mentioned—three of which are spiral 
in form on the Swiss ascent and four on 
the Italian. 

With mountain-railways the 
piercing of the passes by tunnels. The 
first one beneath the Semmering is only 
1,581 yards long—a little less than a 
mile. To-day five great tunnels cut the 
Alps, three through the main divide and 
two wholly within Switzerland and Aus- 
tria, respectively. The oldest of these is 
the so-called Mt. Cenis Tunnel, which 
runs beneath the Col de Fréjus, some 
seventeen miles southwest of the Mt. 
Cenis Pass, and connects Modane in 
France with Bardonnechia in Italy—a 
distance of eight miles with the ap- 
proaches. It took fourteen years to build 
it, 1857-1870, and the engineering was 


began 
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so accurate that the borings, begun simul- 
taneously at either end, joined almost 
exactly in the center. 

The St. Gotthard Tunnel, connecting 
Goeschenen in the Schoellenen Gorge in 
Switzerland with Airolo in Italy, is nine 
and a quarter miles long, and required 
ten years, 1872-1881, to complete. The 
longest railway tunnel in the world is 
still the Simplon, over thirteen miles in 
length with its approaches. It has paral- 
lel tubes, built in 1898-1906 and 1912- 
1922, respectively, for one-way traffic. 
The culminating point of the tunnel is 
4,270 feet below Napoleon’s highway 
over the pass, and the encircling moun- 
tain crest above rises nearly 3,000 feet 
higher yet! 

The longest tunnel wholly within 
Switzerland is the Loetschberg, nine 
miles long, beneath the Gastern Valley 
and Loetschen Pass on the long road from 
Brigue to Frutigen, opened in 1911 after 
four and one-half years of work; while 
the longest in Austria pierces the Arl- 


berg, connecting St. Anton and Langen 
on the route from Innsbruck in the Tyrol, 
six and one-third miles long, constructed 
in 1880-1884. 

Nor should we omit the short tunnel 


up the Jungfrau built 1896-1912. This 
ascends through the interior of the moun- 
tain far above the snow-line at a maxi- 
mum gradient of one in four to Jung- 
fraujoch, the highest railway station in 
the world—a unique triumph of Swiss 
engineering. But one should not make 
the mistake of thinking that the railway 
has done away with the famous climb to 
the top of the mountain. For it still 
takes nearly four hours in good weather 
to cross the Jungfrau Glacier far below 
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the inn, and then to climb the steep ice- 
covered knife-edge beyond to the top. 
But fatigue and the danger are forgotten 
in the magnificent panorama over the 
Bernese Oberland and the Alps of Valais, 
a view stretching from Mont Blane to 
Monte Rosa, and including the Matter- 
horn and many of the best-known peaks 
of Switzerland. 

The automobile has long since found 
its way over all the major passes, and 
soon it will have its own tunnel, one 
under Mont Blanc, the monarch of 
European mountains! Back in 1854 a 
railway tunnel was proposed beneath 
between Chamonix in France and Cour- 
mayeur in Italy to shorten the journey 
from Genoa to Turin. But in 1934 the 
plan was changed to a motor tunnel, 
with double tubes, like our Holland Tun- 
nel under the Hudson, to connect Chamo- 
nix with Entréves near Courmayeur, a 
distance of eight or nine miles long, and 
this may soon be a reality. The press- 
ing need of an automobile route of this 
kind between France and Italy is evi- 
dent from the fact that out of six exist- 
ing Alpine roads across the frontier of 
230 miles between them only one—the 
Riviera route—is open in winter. 

This brief sketch of the story of Alpine 
roads has shown that the use of most of 
the major pass-routes has been continuous 
from prehistoric times to the present. 
Long before the advent of man in the 
Alpine solitudes, nature had marked out 
just where such routes could go. Their 
story, then, is merely the gradual use 
man has made of the passes throughout 
the ages. Their number and location 
were fixed for all time by the natural 
configuration of the Alpine chain. 





NEW EVIDENCE (?) FOR “EXTRA-SENSORY 
PERCEPTION” 


By Professor CHESTER E. KELLOGG 


McGILL UNIVERSITY 


Amone the many factors making for 
the progress of science in recent years, 
one of note has been the general recogni- 
tion of the importance of science in pro- 
moting human welfare. This recognition 
has been fostered by a number of able 
writers, gifted with the ability to make 
abstruse topics plain to the general 
reader. Creative men of science who can 
write with such literary grace as a Hux- 
ley or a James are rare indeed. So to 
such middlemen of science as Clenden- 
ing, Kaempffert, Wiggam, Slossons, de 
Kruif, ete., both research men, who 
require public support, and the public, 
whose well-being is aided by science, may 
well be grateful. 

Naturally, occasional mistakes are to 
be expected. Discoveries which appear 
to promise great benefits will sometimes 
give rise to propaganda for application 
before possible bad consequences have 
been fully considered, as, for instance, 
was the case when the drug scopolamin 
was first discovered, and the alleviation 
of suffering in childbirth had to be 
weighed against the risks of still birth. 
But on the whole, public interest in and 
encouragement of scientific research is 
surely an asset, and, just as surely, this 
interest can not be had if the results of 
research are set forth only in the difficult 
technical phraseology of the professional 
journals. 

Yet, grateful as scientists are to those 
who make science’ known to the world, 
and however inured they may be to the 
occasional blunders of untrained eager- 


1A critique of Professor J. B. Rhine’s 
studies, in reply to the articles by Professor E. 
H. Wright, published in Harper’s for Novem- 
ber and December, 1936. 
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ness, many psychologists have been 
startled by the contributions of a recent 
recruit to the ranks of these educators, 
Professor Ernest Hunter Wright, chair- 
man of the Department of English 
Literature at Columbia University. Al- 
though systematic investigation of the 
problem is hardly more than begun, he 
has decided, on the basis of some pre- 
liminary studies partially reported by 
Professor J. B. Rhine, of Duke Univer- 
sity, and without taking account of the 
negative results of other researches pub- 
lished both and since those of 
Rhine, that the existence of the capacities 
termed clairvoyance and telepathy has 
been established beyond all doubt. Ac- 
cordingly, he has published two articles? 
giving an exposition of the supposed 
proofs, and some entertaining theoretical 
speculations. These utterances, coming 
from a high ranking instructor in one 
of our leading universities and therefore 
supposedly authoritative, have received 
a good deal of publicity. 

Concerning the theories, no comment 
need be made at present. We would sug- 
gest that they be held in reserve until 
such time as it may be known whether 
there is anything to explain. For, while 
Professor Rhine’s experiments have 
yielded some interesting results, it is 
quite certain that neither he nor any 
of his followers has so far given proof 
of the existence of either clairvoyance or 
telepathy. It is unfortunate, but true, 
that it is easy to utter sweeping generali- 
ties, on the basis of a few striking cases, 
which will appeal to the general public 

2‘*The Case for Telepathy,’’ Harper’s, 
November, 1936; ‘‘The Nature of Telepathy,’’ 
Harper’s, December, 1936. 
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and secure adherents, and which, once 
implanted in the public mind, will 
‘* flourish like a tree planted by the rivers 
of water,’’ and can only be eradicated 
with extreme difficulty. For disproof, 
like genuine proof, has to be founded on 
thought rather than on emotion. 

Since Dr. Rhine’s reports have led to 
investigations in many other institutions, 
it might seem unnecessary to prick the 
bubble, as the truth eventually will out 
and the craze subside. But meanwhile 
the public is being misled, the energies 
of young men and women in their most 
vital years of professional training are 
being diverted into a side-issue, and 
funds expended that might instead sup- 
port research into problems of real im- 
portance for human welfare. This has 
gone so far that a new Journal of Para- 
psychology has been founded. On all 
counts, the request of the editors, in their 
preface to the first issue, that their 
studies be given searching criticism 
should not go unheeded. 


I 

My first direct acquaintance with the 
more scientific approach to ‘‘ parapsycho- 
logical’’ problems came when, as a mem- 
ber of Hugo Muensterberg’s graduate 
seminar at Harvard in the season 1913- 
1914, I heard his comments on his visits 
to the home of little Beulah Miller, in 
Warren, Rhode Island. The clue to her 
apparently astounding telepathic ability 
turned out to be her response to involun- 
tary movements on the part of others in 
the family, movements made when they 
were following her counting, or running 
through the letters of the alphabet to 
spell out the desired word.® 

A few years later appeared the report 
by John Edgar Coover on his investiga- 
tions of psychic research at Stanford, a 
notable example of painstaking, thor- 
ough research, and exact treatment of 
numerical data. One section of the vol- 


8 Cf. Muensterberg, ‘‘ Psychology and Social 
Sanity,’’ New York, 1914. 
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ume reports on experiments in card 
guessing, and so is of special interest 
for comparison with recent work. No 
justification for belief in aay sort of 
occult powers was found.‘ 

One more study ante-Rhinum is per- 
haps worth recalling—the test con- 
ducted by Sir Oliver Lodge, with the aid 
of the British Broadcasting Commis- 
sion. Sufficient comment is supplied by 
the heading of one of the newspaper 
clippings in my files—‘‘20,000 RrEPLizs, 
MOSTLY, WRONG, IN PSYCHIC TEST Letters 
Reveal Amusing Variety of Bad Guesses 
—A Few Pretty Near Right,’’ ete. That 
performance more or less dampened the 
ardor of the public for this particular 
brand of mystification until it was re- 
vived by Rhine, whose studies appear to 
the uninitiated to have reinstated scien- 
tifie method in this field. That this was 
his intention may be taken for granted. 

For the purpose of a definite target, 
and without going into minute detail, 
extracts from the general remarks on 
the first page of Professor Wright’s sec- 
ond article will serve: 
the evidence is the outcome of more than a 
hundred thousand tests, simple but purely scien- 
tific, made by Professor Rhine and his asso- 
ciates in Duke University. ... The... vari- 
ous tests in question were all made with a pack 
of cards, twenty-five in number. Each card 
bore on its face one of five different designs—a 
circle, a rectanglé, a star, a cross, or a set of 
wavy lines—and each of these designs appeared 
on five of the cards in the pack. Anyone who 
took the test ... was simply asked to name 
as many of the cards as he could without look- 
ing at them and without other sensory access 
to them. In pure chance of course he would 
average one card right in every five, or five in 
every twenty-five; and as he continued, twenty 
in every hundred, two hundred in every thou- 
sand, and so on. The idea was simply to see 
whether anyone, or any group of persons, could 
steadily name enough of the cards right to show 
that something more than mere chance was at 
work. About half of the tests were for clair- 
voyance and the other half were for telepathy. 

4Coover, ‘‘Experiments in Psychical Re- 
search at Leland Stanford Junior University,’’ 
Stanford University, 1917. 
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The result of the experiment was seen to be 
amazing. About a score of men and women 
were discovered who could regularly name so 
many of the cards correctly that there was not 
one chance in many a million million of their 
having done their feats by luck or accident; 
[ete., ete.]. 


First, we must correct errors in these 
basic statements. One of the distinctive 
features of Rhine’s studies of telepathy 
has been the ruling out of the possibility 
of clairvoyance by having the experi- 
menter merely think of the designs, with- 
out using either the cards or any other 
objective representation of them. As the 
relative frequencies are not subject to 
exact control by this method, the chances 
are variable; and since no records in 
detail have been given out, it is impos- 
sible at present to say exactly what they 
may have been. The average chances set 
forth apply then, strictly, only to the 
tests of clairvoyance. Furthermore, 
they apply only in the long run; devia- 
tions from the theoretical average can 
not be considered as of much importance 
in the case of a small number of scores. 
This point will perhaps carry greater 
weight in the phraseology of an impar- 
tial writer. I turn to page 413 of ‘‘A 
College Algebra,’’ by Henry Burchard 
Fine, Boston, 1905: 


The fraction a/m, which we have called the 
probability of an event, means nothing so far 
as the actual outcome of a single trial, or a 
small number of trials, of the event is con- 
cerned. But it does indicate the frequency with 
which the event would occur in the long run, 
that is, in the course of an indefinitely long 
series of trials. 

Thus, if one try the experiment of throwing 
a die a very great number of times, say a 
thousand times, he will find that as the number 
of throws increases, the ratio of the number of 
times that ace turns up to the total number of 
throws approaches the value 4 more and more 
closely. 


Fine is speaking of trials in which the 
probability remains constant, and every 
trial is independent of every other one. 
Now, as will be shown below, this is not 
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true of the trials making up a run 
through the pack in Rhine’s work, so 
only the runs can be considered as giving 
scores to be compared with chance. Ac- 
cordingly, the reference to so and so 
many thousand trials means a great 
exaggeration of the amount of evidence 
obtained; a hundred thousand trials 
yield only four thousand scores, all told, 
and these must be separated into groups 
according to the special methods used. 
But even the four thousand have not 
been reported. Less than three hundred 
and fifty runs are listed in the article 
in which Professor Rhine forth 
his results as a foundation later 
research.°® 

Again, while it is true that some of the 
experiments were carried out at a dis- 
tance, in a large part of the clairvoyance 
tests, the cards were both handled and 
seen (face down) by the persons tested, 
and, as will appear, this sensory access 
contributed remarkably towards the 
more successful series of runs. 

Finally, as to the score or so of men 
and women with such remarkable ability 
regularly to name the cards, ete. Here 
it seems that enthusiasm has outrun the 
facts. At any rate, no consistently high 
series of scores, obtained under condi- 
tions for which the chances can be cal- 
culated, has yet been published. 


IT 

The whole argument rests on a sup- 
posed difference between actual results 
of the tests and those to be expected by 
chance, so it is clearly essential to make 
sure of estimating the chances correctly. 
Professor Wright speaks of the average 
scores by chance. Not all chance scores 
are the same, however, as any one who 
ever took part in a game of chance knows 
full well. Pure chance will give some 
high and some low scores. How are the 
proportions of these to be estimated? 


5 Journal of Abnormal and Social Psychol 
ogy, 31: 216-228, 1936. 
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For this purpose Coover used the bi- 
nomial theorem, of which many of our 
readers doubtless retain some vague and 
perhaps not wholly affectionate memo- 
ries, as its very great importance is 
rarely explained to high-school students. 
The terms of the binomial expansion, as 
will be shown, give the appropriate 
chances for the method of experiment 
followed by Coover. Rhine, however, 
modified the plan of experimentation in 
such a way as to increase the chances 
of extreme scores, both high and low, 
but used for calculation of chances, as 
an approximation to the binomial expan- 
sion, the normal probability curve, 
which underestimates the relative fre- 
quency of high scores by chance. So 
his estimates are doubly at fault. 

In his experiments on card guessing, 
Coover used ordinary playing cards, 
omitting the face cards. The pack of 
forty cards was shuffled and cut before 
each single trial of a series, and guesses 
were scored as to correctness of color, 
suit and number, the chances of success 
being 4, } and +s, respectively, and the 
expected distributions of scores given 
by the terms in the expansions of 
(4+4)*, (4+2)*, and (y+). To 
show that this is correct, consider a very 
simple case, the guessing of color, with 
only three trials in a set. The drawings 
of the cards can be of four sorts—three 
black, two black and one red, one black 
and two red, three black. The chances 
of these four sorts are given by the terms 
of (b+r)*, te, b®'+3b’*r+3 br?+r°. 
There are three different ways of getting 
two black and one red, or one black and 
two red, but only one way of getting 
either three black or three red. If there 
is no such thing as clairvoyance, so that 
the guesses are random, like the draw- 
ings of the cards, then the chances of the 
various possible guesses can be described 
in the same way, provided the person 


guessing has no bias in favor of one of.. 


the colors. Then the chances of the 


possible scores —0, 1, 2 and 3—«can be 
obtained by finding the relative fre- 
quency of these scores given by scoring 
each of the eight different arrangements 
of three cards drawn—bbb, bbr, rbb, brr, 
ete.—against each of the eight different 
arrangements of three guesses. The fre- 
quencies from the sixty-four matchings 
are found to be 8, 24, 24, 8, as given, 
letting p stand for success and g for 
failure, by the terms of 64 (q+p)*, p 
and q each having the numerical value 
4. The chances, instead of the frequen- 
cies, are given by the terms of (q +p)’. 
Q. E. D. 

Rhine desired to test for pure clair- 
voyance, ruling out telepathic influences 
arising from the experimenter’s knowl- 
edge of the run of the cards and of the 
scores in the course of a set of trials. 
So he changed to shuffling the pack at 
the beginning of a set, running through 
the twenty-five trials possible with his 
special pack, and then scoring the record 
of the guesses against the arrangement 
of the pack. He did not realize that this 
method altered the chances. To prove 
that it does, consider another simple 
example—tests with small packs of six 
ecards containing three groups of two 
similar items each. The binomial appro- 
priate to this case for Coover’s method 
of shufflmg before each drawing is 
(q+p)°*, with p of numerical value 4 and 
q %. Possible scores run from 0 to 6, and 
multiplying by 729, so as to give whole 
numbers—which amounts to setting 
down the theoretical frequencies for a 
series of 729 sets of six trials each, we 
have: 


9 
= 


Scores 0 1 
Frequencies 64 192 240 


Rhine’s method involves no drawings, 
as the pack is fixed, but only various 
arrangements of the given cards. For 
this special pack, there are 90 different 
arrangements, all equally likely to occur. 
As the person guessing is supposed to be 
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aware of the method used, his guesses 
can be expected to follow a similar plan, 
so the appropriate frequencies will be 
given by scoring any one of the possible 
arrangements against itself and all the 
rest. The result is: 
Scores 0 1 et fk ee. 6 
Frequencies i> ie ae ae: ee eee 
* No scores of 5, because if five match, all six 
must. 


The reader can easily check up on this 
list by comparing with the arrangement 
aabbecc various other positions of the 
letters, such as a b cca b, which scores 1, 
cachba b, score 2, ete. To facilitate 
comparison with the binomial frequen- 
cies above, multiply those just given by 
8.1, and take the nearest whole numbers, 
giving : 


Seores 0 1 2 3 é.%-¢ 
7 0 8 


Frequencies 81 194 219 130 9 


Both distributions average 2 hits, but 
what a difference in the proportion of 
extreme scores! 

The binomial, then, underestimates the 
frequency of high scores. But Rhine 
does not use the binomial; he substitutes 
the normal probability curve—a sym- 
metrical curve which is the limit ap- 
proached by the binomial ($+ 4)", as n 
increases without limit. It is also ap- 
proached, though not so rapidly, by the 
binomial when the two fractions are 
unequal, provided neither is extremely 
small, but in this case, the approach is 
only for scores not very far from the 
average. Rhine, however, does not re- 
strict his use of this approximation to 
very large numbers of trials; he uses it 
whatever number he happens to be 
evaluating, and he pays attention chiefly 
to high seores, for which the normal 
curve estimate is never accurate. For 
our simple sample pack the normal fre- 
quencies would be 
Scores 28-1013 8345 6 


Frequencies 1 8 56 173 252 173 56 8 1 
(one score of the 729 is left unaccounted for) 


The absurdity of using a function which 
implies the existence of negative scores 
needs no argument. Rhine pays no 
attention either to the normal distribu- 
tion as a whole or to his own score distri- 
butions, but merely adds up the hits of 
the runs in a series, and then evaluates 
the total, with reference to a 
curve supposedly approximating the 
binomial having the total number of 
trials as exponent. This is a very crude 
process and is clearly unjustifiable for 
evaluation of high when 
differ from the chance average more 
than the latter does from zero, for the 
occurrence of any such score reveals that 
the distribution can not be normal. The 
illustration also shows that, as remarked 
above, the normal curve estimates of high 
scores fall short of those given by the 
binomial, which in turn fall short in 
comparison with the valid distribution. 
For this special case the totals of the 
seores higher than 3 are 65, 73 and 105, 
respectively. 

The same sort of difference holds good 
in general, though of course the exact 
figures depend upon the make-up of the 
pack in question. For Rhine’s pack of 
five sets of five, there are over 623 tril- 
lions of different arrangements, so that 
a solution by tabulation and comparison 
is beyond human capacity. A solution 
by higher mathematical methods has 
been completed this season at McGill, 
and will be published in a more technical 
article. 

The simple illustrative problem can 
be used also for the promised demonstra- 
tion of the linkage between the single 
trials of a run through the pack, when 
the pack is shuffled only at the beginning 
of the run. For the six-card pack, the 
chance of success in guessing on the first 
trial is 3x4x4, or 4. (The chance of 
the first card being an a is 4, the chance 
of the first guess being an a similarly 3, 
so the chance of a score ona is 4x4. As 
b and ¢ count similarly, the total chance 


normal 


scores, these 
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of a score is three times as great.) The 
chance of success on the second trial, 
after success on the first, is (4)? + 2(#)?, 
or 9/25, i.e., 0.36, instead of 0.333... . 
The chance of success on the second trial, 
after failure on the first, is only (4 x #) 
+ (#x4) + (#)%, or 8/25, #.e., 0.32. So 
the trials of a run are not independent 
and the chances are not constant, as is 
required for the use of the binomial 
theorem. The same kind of calculations 
can of course be made for Rhine’s E S P 
packs, and with the same sort of relations 
between the results. 

To conclude this section of the argu- 
ment, the chances for a few scores, as 
estimated by the three methods, will be 
set down for comparison. (1) is actually 
used by Rhine as an approximation to 
(2), which he believes to be theoretically 
correct. (1) is more convenient because 
tables of the normal curve are available. 
But (3) is the valid series for his method 
of conducting the tests. 


(1) (2) (3) 
Normal Matchings 


Curve Bi ‘al in Per- 
err mutations 


(¢+#)” of ESP 
pack 





.0255 
1369 
1995 -1960 -1937 


1210 .1108 -1145 
.0648 .0623 0636 
.0270 .0294 .0312 
.0088 .0118 .0135 
.0022 .0040 .0042 
00044 00117 .00152 


-0000007 .0000115 .0000192 


These calculations are for scores from 
a single run. When several runs are 
combined to give a total score, the dis- 
crepancy increases the larger the number 
of runs in question, and especially for 


high seores. Unfortunately, while (1) is 
easily adjusted for application with any 
number of trials, (2) and (3) have to 
be recalculated completely for each 
number of runs combined. This requires 
considerable labor for (2), a prohibitive 
amount for (3), so there is no method 
available for evaluating merely the total 
score of a small number of runs. A 
erude estimate of the significance of a 
series of scores can be made when their 
fluctuation—not merely their total—is 
known. The only completely satisfac- 
tory test requires a large number of 
actual scores, whose distribution can be 
compared with the chance series. The 
decimals listed in (3)—the complete 
series, that is to say—have simply to be 
multiplied by the total number of scores 
in question, to give the chance frequen- 
cies needed. 


III 

If Dr. Rhine had published complete 
reports of the scores from his experi- 
ments, his error in estimating the 
chances would not be so misleading. But 
he has selected for comment only the 
more fortunate results, a policy which 
is quite indefensible in any case, and 
worse still when the significance of the 
items reported is so much exaggerated. 

The unusual always attracts atten- 
tion, and is easily made a source of mys- 
tery. Once, many years ago, my hand 
at bridge consisted of all the spades in 
the pack, an event to be expected only 
once in 779,737,580,160 times. But as 
the same is true of every other hand 
that can be mentioned, there was really 
no oceasion for great wonder, although, 
of course, not all hands are equally 
noticeable and desirable. 

Perhaps, in very truth, no event ever 
recurs in its entirety. Even to our lim- 
ited insight, it is evident that the more 
completely any complex event is de- 
scribed, the less likely is what we have 
observed to be experienced again. But 
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though every occurrence may be thus 
unique, many of them are in terms of 
human interests and needs substantially 
equivalent, while others stand out as 
especially desirable or undesirable. 
Thus, in card guessing, a perfect score 
is no more of a rarity than any specified 
one of the many possible ways of getting 
an average score. In Rhine’s clairvoy- 
ance tests, whatever one’s score may be, 
the chance of getting that particular 
score in exactly that way was only one 
out of 623 trillions. But we pay atten- 
tion only to the scores, conveniently for- 
getting the low ones, accepting the ordi- 
nary run at or near the average as due 
to chance, and marvelling at the high 
ones. 

So, when Dr. Rhine says that one of 
his students has made a total score that 
could be expected to occur by chance 
only once in a hundred quintillion times, 
the natural tendency is to believe the 
score could not have been obtained by 
chance at all, that it must be explained 
by some hidden power, etc., ete., without 
inquiring what this same student may 
have scored on other occasions, and to 
what extent the peculiarities of the ex- 
perimental procedure may have con- 
tributed. Even the skeptical scientist, 
reading such a statement, may be some- 
what intrigued before he pauses to 
reflect and look over the data. The evi- 
dence which Rhine evaluates as a series 
of 1,625 trials is really a set of only 65 
runs, with scores ranging from 1 to 12, 
average 7.4, which does not seem to 
reveal any very consistent or marked 
capacity. The series was conducted by 
the ‘‘down through’’ method, 7.e., the 
eards were shuffled and cut and then not 
handled further until the check-up, so 
that the pack was in sight during the 
guessing, but not the separate cards, the 
subject endeavoring to name the cards 
from the top down. The shuffling was 
frequently done by the subject himself, 
the cut always by Dr. Rhine. Rhine says 


that the best scoring was done with the 
last five cards, at the bottom, and next 
best with the five at the top. (No figures 
stated.) Was there perhaps some sen- 
sory clue to the identity of cards in these 
places, definite enough to raise the aver- 
age two points above the pure chance 
level, so that, except for that discrep- 
ancy, the scores vary as if merely due 
to chance? Some such 
suggested by tabulation of the scores. 

Keeping this possibility in mind, it is 
interesting to turn to another selection 
reported from the work of the same sub- 
ject, in which, after the pack 
shuffled, he held it face down, tried to 
name the top card, removed it and tried 
the next, etc., the scoring being done at 
the close, as with the ‘‘down through’’ 
series. In this work, the scores average 
9.5 instead of 7.4. Is this better clair- 
voyance or a better opportunity for 
slight sensory clues to improve the 
guesses? The separate run scores fluc- 
tuate as widely as those of the other 
series, but at a higher level—from 4 to 
15. 

Another series, also from the work of 
this subject, is most helpful towards sup- 
plying the answer. For this series, test- 
ing ‘‘clairvoyance at a distance’’—the 
experimenter and subject working at 
various distances in different college 
buildings—rules out any sensory clues. 
The average score is 7.5, a trifle above 
that of the ‘‘down through’’ series, but 
the scores range all the way from 0 to 13 
and are in general more scattered than 
those of the other series, and so much 
more suggestive of pure guesswork. In 
Rhine’s report, the series is subdivided 
into four groups. A formal calculation 
of their significance—taking into account 
the amount of fluctuation in the scores, 
which Rhine ignores—shows that Group 
A remains significant, Group B is just 
above the borderline, and Groups C and 
D are well within the limits of ordinary 
chance accepted by scientists as not de- 


conclusion is 


was 
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manding special investigation and ex- 
planation. Taking all the groups 
together, the results are positive and 
somewhat significant, perhaps  suffi- 
ciently so to warrant further study of 


the problem. This is the strongest claim 


that can be justified by this evidence, 
especially in view of the many hundreds 


of scores not reported. The usual meth- 
ods of calculating significance are in- 
tended only for evaluation of random 
samples, and it must always be borne in 
mind, in reading Rhine, that the scores 
listed were not selected impartially, as 
random samples, representative of a 
mass of evidence too great to be reported 
as a whole. They are special series 
picked out as seeming to make a case 
for the favored theory. 

Perhaps the objections to use of 
selected evidence can be made clearer by 
a comparison of the present problem 
with the more familiar one of the inter- 
pretation of scores in intelligence tests 
or other examinations. Although we 
may still be unable to agree upon an 
exact definition of intelligence or schol- 
arship, there is no doubt that these desir- 
able attributes exist. A small degree of 
apparent success in such a test as the 
Army Alpha, first used in examining 
recruits in 1917 and 1918, can be got by 
pure luck. An illiterate, marking the 
pages at random, may perhaps appear 
to earn four or five points, but any con- 
siderable score depends upon real ability. 
The average college student scores in 
the neighborhood of a hundred and fifty 
points, and all scores of which any use 
is made are so far from chance that a 
single test is a reliable measure. Teach- 
ers’ marks in school and college are, it 
must be confessed, far from precise mea- 
sures, but even so, high marks do usually 
imply high scholarship. In Rhine’s 
experiments, the very existence of the 
eapacity tested for is in question, and 
all the single scores that actually do 
occur can occur by chance. 


Isolated 
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scores, then, have little importance. 
Conclusions can be validly based only 
upon the relative frequencies of the high 
and low scores obtained, and so all that 
are obtained must be taken into account. 

The essence of this method of study 
lies in the opportunity for comparison 
of actual with mere chance results, by 
restricting the calls to items for which 
chances can be calculated. No valid 
comparison is possible unless either all 
evidence, or if that is too unwieldy, a 
sample taken entirely without bias, is 
compared with theory. In such an ex- 
periment, as in any game of chance, 
when only a comparatively small number 
of scores is secured from each subject, 
some will score high, some low, the great 
majority at or near average, merely by 
chance. If the entire distribution of 
scores is large enough to make an ade- 
quate sample, and is found to conform, 
within reasonable limits (not to go into 
technical methods of evaluation), to the 
chance series, then there is no positive 
evidence, and therefore no more excuse 
to select a high score than a low one as 
having any special meaning. Both, in 
proper proportions, are to be expected 
by chance. Lifting out of their context 
the scores of the more fortunate subjects, 
and then evaluating them, without re- 
gard to the existence of all the rest, as 
if they were a random sample, and thus 
deducing the existence of some special 
capacity, begs the whole question at 
issue. Any genuine factor apart from 
chance would show up in a departure of 
the total distribution from the chance 
series. This given, examination of the 
data might reveal whether such factor 
is more or less general in its influence or 
confined mainly to a few subjects. 

If any one were found to secure con- 
sistently high scores, a further study of 
his abilities could be advocated regard- 
less of the results of others. But no 
such person has ever been found. 

Rhine has given no distributions of his 
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scores as a whole or any large groups of 
them. He seems to have been so firmly 
convinced of the existence of ‘‘extra- 
sensory perception’’ before he began 
research that he has never realized such 
a general comparison might be desirable. 
Instead, he has simply selected some of 
the subjects who were most fortunate in 
the early part of his work and given 
them further tests. If these had been 
handled impartially, all would be well. 
But the fact that these subjects were 
picked out as promising dominates all 
their later tests. When good scoring, on 
the average, continues, well and good. 
When it does not, when their later results 
do not pan out, they are said to have lost 
their former ability, although no proof, 
on the basis of an adequate random 
sample of their scores, has been offered 
to show that they ever had any ability. 
The reader is given no opportunity to 
judge of this fairly, because complete 
results are not reported, even for the 
selected subjects. When for a time they 
do well, Rhine sets down the scores, over- 


evaluates them by his customary tech- 
nique and draws conclusions favorable to 


his theory. When they fail, that is 
regrettable, but it has no influence on 
his conclusions. The special ability is 
temporarily exhausted or has vanished ; 
its prior reality is never questioned. The 
poor series are not listed, and their very 
existence is only incidentally mentioned. 
Rhine does not go so far as to assume 
that the supposed capacities vary from 
hour to hour; good series are reported 
in full, zero seores and all. He is 
entirely sincere, and does nothing that 
from his standpoint would appear to be 
falsification of evidence. He simply does 
not realize that such selection of the bet- 
ter series does not conform to the require- 
ments of his chosen method of research, 
but assumes the truth of the conclusion 
he is trying to prove. 

E.g., a short series—only eight runs, 
average 10.1—is cited as proof for 


‘telepathy at a distance’’ (the series 
mentioned as the ‘ 
with experimenter and subject, two of 
the 950 


Note that this is a telepathy test and can 


‘Junaluska Series’’) 


women students, miles apart. 
not be evaluated in accordance with the 
chances calculated for the clairvoyance 
work. There could, obviously, be no 
score below zero or above 25. For the 
rest, the only information made avail- 
able concerning the possibilities is the 
series of scores actually obtained. They 
range from 2 to 19. When due 
this 


allow 
the 


, even 


ance is made for fluctuation, 
series is found not to be significant 
on the assumption that the chance aver. 
age is only 5. In fact, supposing that 
the subject’s true average is likewise 5, 
might, this set of 


scores, be expected to obtain, by chance, 


she judging from 
an average as high as or higher than 10.1 
in about one case in every forty-two, in 
the long run. Other results of this sub- 
ject are even less promising, and are 
mentioned only to justify Rhine’s belief 
that this series did not involve collusion 
between the two students, since in other 
eases, when good scores were particularly 
desired, she did not get them. But then 
why assume that she was ‘‘telepathic’ 
at all? 
All the 
tioned have been ex post facto, concerned 


statistical tests so far men- 
with the problem, given such and such 
There 
is a familiar rule, simple and straight- 
forward, for the guidance of the experi- 
menter in the course of a research, in 
deciding whether a sample set of values 
From 


results, how significant are they? 


is adequately representative. 
time to time, calculate the average of all 
the results so far recorded. Continue the 
gathering of data until additional values 
make no appreciable difference in the 
average. Then the average is valid for 
the given conditions of experiment. 

Rhine’s procedure with his selected sub- 
jects is directly opposed to this rule. He 
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rejects all series of scores that would 
modify the favorable averages. 

Certain other results are reported 
from telepathy tests in the laboratory. 
Although the scores are higher on the 
whole than those in any of the other 
series, the possibilities of error in the 
records, and the uncertainty of the 
chances involved, except that it is quite 
clear that they were much higher than 
those in the clairvoyance tests, preclude 
giving these results any great weight. 
Apparently, only a partial record was 
kept, that of the calls made by the sub- 
ject, in some of the runs two rooms away 
from the experimenter, with the doors 
open, but with an electric fan going so 
as to prevent any involuntary whisper- 
ing of the experimenter from being 
heard by the subject. The experimenter 
had to try to think of the various designs 
as nearly as possible five times each in a 
run, but with no written plan to follow, 
give buzzer signals to call the attention 
of the subject for each trial, record the 


responses as heard, or supposed to be 


heard, check them if correct. Judge the 
effect on the scores of the almost inevi- 
table tendency, especially in a labora- 
tory so full of faith in E S P, to give 
the subject the benefit of the doubt in 
any trial involving some difficulty in 
hearing or in memory, and the great 
likelihood of illusions in hearing, the 
hearing of one call as a different one, 
especially when the observer gets excited 
in the course of a good run, and so hears 
what is desired instead of what is really 
uttered, yet with not the slightest realiza- 
tion of the possibility of a mistake. The 
much greater ease in following a lecture 
or play in one’s own language has often 
been explained as due not so much to 
differences in understanding what is 
actually heard, as to the readiness to fill 
in gaps in auditory stimulation and, as 
far as conscious experience goes, hear the 
whole. In such a case, expectation is 
guided by the context, in line with the 
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familiar usages of the native tongue. In 
the telepathy tests, success may breed 
success, in the record, by creating such 
an attitude of optimism that the ob- 
server-experimenter will strongly tend 
to hear the name of the symbol he has 
just been ‘‘sending.’’ Again, if experi- 
menter and subject happen to have 
thought preferences in favor of the same 
one or two of the designs, scores will 
be increased regardless of any mutual 
influence. Any experimenter in such 
work will also tend to form more or less 
definite order-habits. This possibility 
was recognized, and precautions taken 
to counteract it. Cross-checks, applied 
to other series, show these precautions 
were on the whole successful. At any 
rate, habits did not become so established 
that similar plans were used in immedi- 
ate suecession. But many of the differ- 
ent arrangements of the designs, that 
would occur in the shuffling of a pack, 
would almost certainly not be included 
among the plans chosen consciously. 
Some might seem too systematic, e¢.g., 
aaaaa bbbbb, etc. ; aaaaa bed bed, etc.,.. . 
eeeee. On the other hand, others with 
no apparent plan would give no ready 
means of keeping to the equal frequen- 
cies desired. If such helter-skelter ar- 
rangements are avoided, the range of 
possibilities is reduced; if not, there is 
more scope for symbol preferences which 
may be correlated with those of the sub- 
ject. Rhine, as a means of controlling 
frequencies, coached his experimenters 
to plan by groups of five, which leads 
most naturally to five sets of one each 
of the five designs, thus very much 
reducing the number of different ar- 
rangements. (From 623 trillions down 
to less than 25 billions, subject to further 
reduction by avoidances, ete.) This ex- 
treme he seems to have tried to prevent, 
but the measures taken for the purpose 
are not such as to result in anything like 
the total possibilities of shuffling. There 
has been no mention of any attempt to 
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keep secret the instructions given for the 
conduct of the tests. It would be strange 
if students interested in the work did not 
sometimes discuss various possible ar- 
rangements of the symbols. However 
that may be, subjects would surely tend 
to follow somewhat the same general sort 
of procedure as the experimenters— 
which means a marked increase in the 
chances of high scores. As the subjects 
were informed of their success at the 
ends of the runs, adoption of plans of 
the type used by the particular experi- 
menter would be favored. Skill could 
thus be developed just as it is in various 
familiar card games. Indeed, a good 
player might adjust to this experimental 
situation almost immediately. 

Without specific records of the exact 
sequences of the designs chosen by the 
experimenter and the corresponding 
calls of the subject, no worthwhile esti- 
mates of the chances can be made. No 
such records have been published. They 
were kept, apparently, for some parts of 
the work, but not for the series cited 
and partially listed in Rhine’s article, 
as important evidence. This evidence 
accordingly is valueless. 

If it is really important to test for 
pure telepathy, which precludes any 
proper estimation of chances in advance, 
then surely complete records should be 
made, so that calculations can be worked 
out from the results. Of course a writ- 
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ten record is open to the same objection 
as the use of cards—the opportunity for 
clairvoyance. So dictagraph records 
should be taken. Then all the arrange- 
ments actually occurring in the records 
of each experimenter and subject should 
be listed and classified, and the chance 
score frequencies tabulated for compari- 
son with those actually obtained. 

To sum up: Professor Rhine’s argu- 
ment for extra-sensory perception rests 
upon the differences between scores 
obtained and those to be expected merely 
by chance. It has been shown (1) re 
clairvoyance : 

(a) that he greatly 
the chances for high scores; 

(b) that he pays no attention to the 
internal inconsistency of the results; 

(c) that he draws conclusions from 
selected portions of the evidence, in a 
way that assumes the truth of the very 
theory he wishes to prove; 

(d) that among the selected 
those giving the highest scores also offer 
the greatest opportunity for sensory 
clues to the identity of the cards. 

(2) re telepathy: that the chances in 
this part of the research are unknown, so 
the supposed evidence can not be used. 

The complete data have not been pub- 
lished, even in summary form, so as to 
permit of an independent verdict. The 
whole research is therefore quite incon- 
clusive. 


underestimates 


series, 
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CALIFORNIA, LA JOLLA, CALIFORNIA 


Many of us professional men of sci- 
ence have long since demolished, to our 
own satisfaction, most of what currently 
passes as ‘‘religion,’’ and have even 
called in question the very existence of 
*‘theology’’ as a legitimate object of in- 
quiry. For lack of any real evidence to 
support their claims, these are subjects 
which must perforce be taught dogmat- 
ically and authoritatively. But science, 
on the contrary ...! We have all 
stressed this invidious comparison, and 
I think on the whole that we have been 
justified in doing so. But the difference 
is not such an absolute one as many have 
been led to suppose. To the man in the 
street nearly all science is taught dog- 
matically. He accepts it from authorities 
whom he is led to believe that he can 
trust. Some of this matter, to be sure, 
appeals to him as inherently reasonable. 
Much of it, on the other hand, is down- 
right unintelligible to him, or it may 
even challenge his common-sense. 

So much for the ‘‘man in the street.’’ 
What about those of us who spend part 
of our time indoors—say in laboratories 
and libraries and classrooms? William 
Graham Sumner, whose opinion of the 
intelligence of the ‘‘masses’’ was none 
too high, remarked sagely that outside 
of our own specialties we all belong to 
the masses. Outside of these specialties, 
we take our science, for the most part, on 
authority. It is a different kind of au- 
thority, to be sure, from that upon which 
a devout peasant accepts the miracles 
wrought by his saints’ bones. Our di- 
rect sources of information are men who 
have earned their right to be trusted. 
And more important yet, they can often 
show us the evidence for their state- 
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ments, or at least they can tell us how— 
in theory, at least—we can find this evi- 
dence for ourselves. However, as sci- 
ence expands, and the sphere of each 
specialist contracts, the proportion of 
our knowledge which we individually get 
on authority rapidly increases, and the 
proportion which we get by observation, 
experiment and constructive thinking 
rapidly diminishes. 

Furthermore, the day has nearly 
passed when we even go to our authori- 
ties for their factual ‘‘results.”’ For 
the most part it is their ‘‘conclusions”’ 
which we carry away. Outside of the 
ever-narrowing fields in which we our- 
selves are authorities, the things which 
we assimilate from our scientific environ- 
ment are interpretations often many 
steps removed from the crude data. 
Much of the time, we do not even know 
what these crude data are like. Nor 
would they mean anything to us could 
we see them. And so, not only do we 
depend more and more upon authority 
for our scientific information, but this 
information, when it reaches us, arrives 
in the form of abstractions to a large 
degree divested of living reality. 

A worshipper, repeating the ‘‘ Apos- 
tles’ Creed,’’ expresses his belief in the 
‘resurrection of the body.’’ A student, 
reciting in a chemistry class, tells the 
professor that the ‘‘atomiec number’’ of 
sodium is 11. I do not wish to make too 
much of this comparison. All I contend 
for is the probability that to many stu- 
dents ‘‘atomic number’’ is just as much 
of a dogma as ‘‘resurrection of the 
body,’’ and just as little capable of 
being translated into terms of human 
experience. As to the professor—well, 
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there are professors and professors of 
course. But any kind of an instructor in 
chemistry will tell the student in a few 
words just what the expression atomic 
number ‘‘means.’’ The number of posi- 
tive charges on the nucleus of the atom 
—what could be simpler? And so, I 
doubt not, could any bright Sunday- 
school teacher given verbal account of 
the resurrection of the body. 

The conception of atomic number 
finds its ultimate justification, of course, 
in a vast array of observational evi- 
dence. But how many of us—aside 
from one particular brand of chemist or 
physicist actually have first-hand 
knowledge of this evidence, or are even 
in a position to follow it understand- 
ingly if it were furnished us by visual 
demonstration ? 

A further perplexity has been added 
to this whole situation by the increasing 
application of mathematics to the so- 
called ‘‘fundamental’’ sciences. Much 
of this is not the sort of mathematics 
which the ordinarily well-educated sci- 
ence student from one of our better col- 
leges carries away with him. It is a 
realm of mental activity into which rela- 
tively few persons in the world are qual- 
ified to enter. However, unless we fulfil 
these drastic requirements, we are alto- 
gether unable, it would seem, to follow 
the reasoning upon which some of the 
most notable scientific generalizations of 
the day are based. Worse yet, we are 
even denied the privilege of understand- 
ing in any real sense what these gener- 
alizations mean. And a fortiori, we are 
denied every right to criticize them. Be 
that as it may, we do not seem to be ab- 
solved thereby from the duty of accept- 
ing these generalizations and of render- 
ing homage to those mighty minds which 
have been able to develop them. 

The name of Einstein has become al- 
most a household word throughout the 
civilized world, and the picturesque head 
of this mathematical genius is probably 
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as familiar to the public to-day as that of 
most other contemporary world figures. 
It is far from my purpose here to ques- 
tion the greatness of Einstein. |! 
quite willing to accept the appraisement 
of his fellow specialists on that score. 
Yet how many persons have the faintest 
idea what the name of Einstein 
for in the history of science?’ How many 
persons—indeed, how many scientists 


am 


stands 


are even capable of learning this, try as 
hard as they may? Any well-informed 
person now has a fairly accurate idea of 
what the Darwin for 
Or at least he can be taught. 


stands 
And so, in 


name of 


general, with the major results of mod 
ern biology. <A few 
rected reading will convey to any real 


hours of well di 
= 
all 


y 
educated person the chief discoveries of 
the Morgan school regarding the physi- 
eal basis of heredity 
But this question of 
is a horse of another color. 


relativity! That 
Many cou- 
rageous attempts have been made in re- 
cent years—some, indeed, in the popular 


expound non 


press—to relativity in 
mathematical They 
start out with the already familiar idea 
For a while, 
At last he is 
Then he loses 


language. usually 
of the relativity of motion. 
the reader follows eagerly. 
going to be enlightened! 

the trail, sometimes suddenly with the 
introduction of some new and unintel- 
ligible train of thought, sometimes grad- 
ually, after sinking deeper and deeper 
into what seems to him a bog of para- 
doxes and non-sequiturs. At least this 
has been, for the most part, the experi- 
the writer in reading 


care a 


ence of 
with 
these attempted elucidations. 

Any person of average education and 


present 


considerable number of 


brain-power is doubtless capable of at- 
taining some degree of verbal ‘‘ under- 
standing’’ of this subject. And even a 
newspaper column-writer may be able to 
convey such a purely verbal 
tion’’ to readers less informed than him- 
self. But all the reader is likely to re- 


‘*explana- 
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ceive from such sources is a vague, 
sketchy notion of the kind of problems 
which the relativist is trying to tackle, 
along with some bewildering paradoxes 
which are offered him as unavoidable 
consequences of the theory. At best he 
ean get only dim and _ tantalizing 
glimpses of its real substance. 

All this is not, of course, offered as 
criticism of the theory of relativity. The 
chief difficulty obviously lies in the at- 
tempt to grapple with certain highly 
abstruse problems by persons whose 
mental preparation has not qualified 
them for the task. But an almost equal 
difficulty, I believe, lies in the methods 
which have been resorted to by the 
theory’s expositors. 

In general, the illustrative ‘‘experi- 
ments’’ by which the principles of rela- 
tivity are justified to the reader are 
purely imaginary ones, involving such 
things as the observer’s moving through 
space at the velocity of light or moving 
at an accelerated motion, corresponding 


to the acceleration of gravity, or involv- 
ing his ability to read another man’s 
clock or measuring rod, while one or 
both of the parties are traveling at these 


furious speeds. And if some ignoramus 
of a biologist should express mild sur- 
prise at this to him unfamiliar method 
of solving scientific problems, he would 
forthwith be silenced by reference to 
certain equations by which Einstein ef 
al. have proved all these things! And so 
it goes. These revolutionary doctrines 
ean only be understood—and by the 
same token, can only be criticized—by 
persons equipped with a mathematical 
technique which very few living persons 
can master. 

This does not seem to relieve us, 
however, of the obligation to accept these 
doctrines. And they are being accepted 
with all the authority of a gospel, often, 
I doubt not, by persons who have no 
more real understanding of them than 
the present writer. Why, then, should I 
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presume to withhold my own accep- 
tance? Who am I to dispute the conclu- 
sions of the master minds of the cen- 
tury? My answer is that I am not dis- 
puting them; I freely grant their prob- 
able truth. But I contend that neither 
I nor any other person can really believe 
that which one finds to be by its very 
nature unintelligible to him. 

I recall, in this connection, a passage 
from a catechism, a copy of which fell 
into my hands many years ago. To the 
question (quoted, I am sure, with sub- 
stantial accuracy), ‘‘After the priest 
hath blessed the bread and wine, and 
converted them into the flesh and blood 
of our Savior, what remains of the bread 
and wine?’’, the young believer is taught 
to respond ‘‘Only its properties.’’ I 
can see little difference between ‘‘belief’’ 
of this sort and the avowal of belief in 
anything else which is equally meaning- 
less to the person concerned. 

A few other aspects of the ‘‘new phys- 
ies’’ are equally relevant at this point 
in our discussion. The now well-known 
antinomy regarding the electron—assert- 
edly both a particle and a wave—is a case 
in point. True, we can not conceive of 
a thing’s being both a particle and a 
wave at the same time. But what we can 
conceive apparently has no bearing on 
the situation. Modern physics seems to 
have definitely abandoned the notion 
that we must be provided with mechan- 
ical models of what happens in the uni- 
verse. If equations can be found which 
express the relations in question—if, in 
the present case, they show how ‘‘the 
particle- and wave-pictures are merely 
two aspects of the same reality’’—that 
should be enough to satisfy us. 

To those of us who use mathematics 
merely to express quantitative relations 
among things, such a solution of the diffi- 
culty is altogether puzzling. A disem- 
bodied equation may be highly interest- 


.ing and valuable when we are concerned 


with pure mathematics, but it hardly 
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serves as a substitute for a description 
when we are concerned with phenomena 
in the physical world. At least this is 
true for the non-mathematical mind. To 
an unsophisticated naturalist I fear that 
this argument that a thing may have the 
properties of a wave and a particle at the 
same time is too strongly reminiscent of 
some of the old-time theological argu- 
ments for the doctrine of the ‘‘Trinity.”’ 

All this, while granting the high prob- 
ability that the equations which these 
scholars have devised are rigidly exact 
in every particular. The important 
question before us is whether at long 
last our conceivable space-time models of 
natural phenomena are to be wholly re- 
placed by a series of equations expressing 
relations among unknowables. This is 
the avowed ideal of some of those who 
are writing in the name of modern phys- 
ies. ‘‘An ideal shines in front of us,’’ 
says Eddington, ‘‘far ahead perhaps but 
irresistible, that the whole of our knowl- 
edge of the physical world may be uni- 


fied into a single science which will per- 
haps be expressed in terms of geometrical 


or quasi-geometrical conceptions. Why 
not? All the knowledge is derived from 
measurements made with various instru- 
ments.’"* And Jeans writes: ‘‘The es- 
sential fact is simply that all the pictures 
which science now draws of nature, and 
which alone seem capable of according 
with observational fact are mathematical 
pictures.’ This despite Jean’s avowal 
in another place that recent science, in 
contrast with nineteenth-century science, 
**is no longer in flat contradiction with 
our intuitions and the experiences of 
everyday life.’’ When the goal set by 
these mathematicians is attained, real 
science will be the property of a small 
esoteric group, while the rest of us, it 
would seem, will have to content our- 
selves with crude and misleading visual 
symbols of reality. 


1**The Nature of the Physical World,’’ p. 
136. 
2‘*The Mysterious Universe,’’ p. 150. 
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There are some, I doubt not, who look 
forward to such a situation with entire 
complacency. Those of us, however, who 
follow the ‘‘natural history’’ 
must find the prospect decidedly dis- 
eoncerting. And, being human, we can 
hardly fail to resent the strong tinge of 
arrogance which seems to be implied in 
such a forecast. We have long been ac- 
customed to invidious comparisons be- 
tween the ‘‘exact’’ and those 
which, not being ‘‘exact,’’ are scarcely 
to be regarded as sciences at all. Even 
some of our biologists seem disposed to 
concede that only the precisely quanti- 
tative part of their domain deserves the 
name of science. Science is science, it 
appears, only in so far as it is capable of 
mathematical expression. That such a 
definition would exclude some of the 
greatest advances in scientific knowledge 
does not seem to disturb those who con- 
tinue to repeat it. 

Psychologically speaking, it is not dif- 
ficult to understand how an accomplished 
mathematician might readily fall into an 
attitude of arrogance toward those of us 
who work with other tools. He is master 
of a technique which few of us can handle 
—perhaps, we may add, that few of us 
could ever learn to handle with much 
proficiency. He is quite aware of our 
utter dependence upon him for the solu- 
tions of many of our problems. And he 
realizes, too, how one-sided this depen- 
dence is. While we must appeal to him 
at rather frequent intervals for help 
which he alone can give us, he has no 
real need of anything which we may be 
in a position to furnish. 

Personally, I stand in considerable awe 
of these men who can fill their pages with 
differential equations. They have mental 
powers of a sort which I could never 
hope to attain. It is true that I stand in 
almost equal awe of the man who can 
play six simultaneous games of chess 
with a blindfold over his eyes, or even 
the man who can play a single masterly 
game with the board before him. He too 
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has mental powers which seem stupen- 
dous in comparison with my own. How- 
ever, I can not tolerate this sense of in- 
feriority very long. I recall that the 
really great chess-players are not often 
known for any other mental achieve- 
ments, and I try to persuade myself 
that some of our most accomplished 
mathematicians might prove to be “‘all 
thumbs’’ if they were rash enough to 
enter the field of experimental biology. 
There is an even chance, too, that this 
pollicality might not be entirely on the 
neuro-motor level! 

Whether or not the word ‘‘science’’ 
will ever come to be restricted to the 
quantitative aspect of natural phenom- 
ena I should not be rash enough to pre- 
dict. If such a restriction (or shall we 
say perversion?) of the meaning of this 
word were ever generally accepted, we 
should have to find another word for that 
vastly greater field of knowledge not yet 
reduced—perhaps never to be reduced— 
to mathematical terms. Here would be- 
long the work of such men as Harvey and 
Pasteur and Lyell and Darwin, and— 
despite his ratios—of Mendel. And here 
will continue to belong a large majority 
of the most interesting, important and 
influential contributions to human knowl- 
edge, and the output of many of our most 
original minds. Some enterprising jour- 
nal of the future might start a contest 
for the best name by which to call all 
this! 

However, to return from our digres- 
sion, if we can not follow the mathemat- 
ical reasoning of these neo-physicists, we 
can at least understand in a measure 
some of the conclusions to which their 
reasoning has led them. And here at 
times they come into rather violent con- 
flict with the common-sense of mankind. 
Common-sense, to be sure, has long been 
abandoned as a safe guide to truth. But 
it is relevant to point out this conflict in 
a discussion of the relations of science 
to current thinking. The wave-particle 
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paradox has already been referred to. 
Once more, we have been told that if one 
traveled with the speed of light, he could 
make a tour of the universe without 
aging, though coming back to a world 
which had grown old during his absence. 
And again it would seem that our old 
nineteenth-century notions about infi- 
nite time are unfounded. The universe 
started de novo only a few thousands of 
millions of years ago (not a very im- 
pressive figure to an astronomer) and 
has been expanding at a terrific speed 
ever since. To Eddington it seems rea- 
sonable to believe that the earth, of all 
among the near-infinitude of heavenly 
bodies, is probably the only home of 
living beings; also that the present uni- 
verse is the unique product of creative 
energy, having not only a beginning but 
an end. ‘‘I would feel more content,’’ 
he says, ‘‘that the universe should ac- 
complish some great scheme of evolution 
and, having achieved whatever may be 
achieved, lapse back into chaotic change- 
lessness, than that its purpose should 
be banalized by continual repetition.’” 
Jeans mentions rather casually that ‘‘the 
number of particles—electrons and pro- 
tons—in the universe is of the order of 
10°°.’** The same writer has expressed 
his oft-quoted conviction that ‘‘the uni- 
verse appears to have been designed by 
a pure mathematician.’’ Verily we all 
make our gods after our own images! 
The diameter of an electron is said to 
be only a fifty-thousandth that of an 
atom. By its very nature it is forever 
beyond the range of human vision. 
Nevertheless, most of the popular expo- 
sitions of twentieth century physics 
speak with the same nonchalance of 
manipulating individual electrons and 
observing their behavior as a biologist 
speaks of his experiments and observa- 
tions upon protozoa or bacteria. We 
learn, for example, that ‘‘ Heisenberg 


8 **Nature of the Physical World,’’ p. 86. 
4‘*The New Background of Science,’’ p. 264. 
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succeeded in showing that one may 
choose either to determine the place of a 
flying electron or to ascertain its speed 
with precision, but that there can be no 
experiment which will fix location and 
velocity at once with the maximum ac- 
curacy.’ I venture to assert that no 
popular expositor of one of the ‘‘in- 
exact’’ sciences could talk that way and 
get away with it! 

It happens that these speculations of 
Heisenberg’s and some others have been 
seized upon with avidity by various per- 
sons having metaphysical or theological 
axes to grind. And this number includes 
more than one scientist of real promi- 
nence. One line of argument seems to 
run somewhat as follows: If we were 
able to see an electron, it would be im- 
possible, for certain theoretical reasons, 
to determine both its velocity and its 
position at the same time. Therefore, 
the electron, at any given moment, has 
either a definite velocity or a definite 
position, but does not possess both of 
Therefore, the principle of ‘‘de- 
terminism’’ or ‘‘causality’’ does not ap- 
ply to the ultra-microscopie world, but 
only—in a purely statistical sense—to 
the macroscopic world. And other rea- 
sons are given for believing that events 
in the ultra-microseopie world ‘‘just 
happen,’’ that, for example, one atom 
out of a million in a mass of radium 
elects to disintegrate without prompting 
from any source excepting its own sweet 
will.® Thus ‘‘spontaneity’’ and ‘‘free 
will’’ come back upon the scene, stamped 
with the guarantee of modern science! 

Merely to repeat these various asser- 
tions is surely not to refute them. In- 
deed, I should not be so reckless as to at- 
tempt to refute them. But many of us 


5 Reichenbach, ‘‘ Atom and Cosmos,’’ p. 262. 

6 At least one writer has seriously contended 
that the mysterious genetic ‘‘mutations’’ of 
the biologist are similarly uncaused. We need 
scarcely point out the paralyzing effect of such 
doctrines as these on scientific progress. 
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have probably formed rather decided 
opinions as to their reasonableness. And 
on the principle of judging a tree by its 
fruits, we may have come to mistrust the 
methods followed by those who tell us 
some of these things. Or at least, we 
may have lapsed from our 
attitude of humble acquiescence. 

Nor does it seem to be true that all 
these master minds of modern physical 
science agree with one another. Those 
who have followed, even casually, the 
publicity which has attended the recent 
developments in physics and astronomy 
know that the field is beset by contro- 
versies. And the controversial 
questions have been some of the most 
vital whether, for example, the 
universe is finite or infinite or whether 
or not it is rapidly expanding. Millikan 
has argued that the ‘‘cosmic rays’’ rep- 
resent a by-product of the creation of 
matter in space. Jeans and others have 
been equally convinced that they origi 
nate from the destruction of matter 
Some writers argue for an indetermi- 
nacy which is absolute; and assure us 
that causality has been banished from 
science; others argue that this indeter 


former 


among 


ones- 


minacy is merely relative to our knowl- 
And our elementary units of light 
are they particles which 


edge. 
and electricity 
move aS waves, or waves which manifest 
some of the attributes of particles? Or 
are they simply disembodied equations 
which scorn representation by any visual 
models whatever ? 

Without presuming to question for a 
moment the mental profundity of some 
of these exponents of the “‘new phys- 


ies,’’ nor the vast importance of their 


actual discoveries in this field, one can 
not help wondering whether the up-to- 
the-minute publicity so widely given to 
their more utterances 
through the lay press or through popu- 
lar volumes of their own authorship is 
not considerably impairing the status of 


speculative 
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science in the public mind. There would 
seem to be a vast inconsistency between 
the traditional notion of the man of sci- 
ence, with his uncompromising insistence 
on evidence and his lofty scorn of 
guesses and unproved assumptions, and 
the quasi-mystic who tells us all these 
strange things about space and time and 
infinity and who describes with such as- 
surance the detailed intricacies of an in- 
finitesimal world forever beyond the 
range of human observation. And this 
bewilderment of the layman is surely not 
lessened when he learns that these mas- 
ter minds are not always in agreement 
among themselves. Yet, curiously 
enough, this speculative and controver- 
sial part of recent physics appears to be 
stressed as much as any other one thing 
in current portrayals of scientific prog- 
ress in the popular press. So far as the 
‘‘general reader’’ is concerned, it would 
seem to be vastly better if the newspaper 
columnist would only gather his ma- 
terial from the teacher of elementary 
science instead of hovering around the 
notables who are engaged in extending its 
frontiers. But that sort of material 
would not, I presume, rate as ‘‘news.”’ 

It was long ago suggested that the 
growth of science would reach its limits 
through the unchecked increase of spe- 
cialization. We should finally have an 
immense cluster of endlessly subdividing 
branches, each physiologically isolated 
from what remained—if anything—of 
the original organism. This is perhaps 
an unduly pessimistic forecast. But it 
does seem certain that an ever-smaller 
proportion of what we individually 
‘*know’’ will have the vivid reality of 
something immediately experienced, and 
an ever-increasing proportion will con- 
sist of abstractions and interpretations 
received from other persons. 

However, all this is no reason to dis- 
courage the dissemination of knowledge 


regarding scientific discovery, so far as 
this is possible. It has long seemed to 
some of us that the ‘‘new physics’’ has 
been very largely unfortunate in its in- 
terpreters to the laity. Despite some ex- 
ceptions, there has been altogether too 
much of what impresses one as ‘‘show- 
ing off’’—too much parade of individual 
brillianey and resort to whimsical anal- 
ogies and startling paradoxes, and too 
little earnest attempt to make the reader 
really understand the matters on hand. 
What some of us would like to find is 
first of all a clear description of what 
the experimenter really does and sees, 
and after that an account of his theoreti- 
eal interpretations. We are too apt to 
read about ‘‘bombarding the atom,’’ 
*‘smashing the nucleus,’’ ‘‘ weighing the 


electron’’ and the like, with commonly 
but the faintest intimation of how all 
this is done and why these effects are in- 
ferred. As Swann pointedly remarks: 
‘*We say that we set up apparatus and 
measure the number of electrons going 
through a certain hole. We do no such 


thing. We make settings of certain elec- 
trical instruments, and we make read- 
ings of others. From our readings and 
settings we calculate these visions of elec- 
trons going through holes, and the 
like.’’* It is unfortunate that this real- 
istic view-point is not more constantly 
kept in mind by the popular expositor 
of recent scientific developments, biolog- 
ical as well as physical. Since the fore- 
going article was submitted for publica- 
tion, a highly interesting article by an 
English professor of astrophysics has 
appeared in the Atlantic Monthly. It 
gratifies me to learn that there are 
among the physicists themselves some 
who ‘‘view with alarm’’ the current 
trends in popular exposition. 


7™**The Architecture of the Universe,’’ pp. 
175, 176. 
8 ‘*Knowledge without Understanding,’’ by 


Herbert Dingle, Atlantic Monthly, July, 1937. 
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THE DESTRUCTION OF “VERMIN” 


By Dr. ALBERT M. REESE 


PROFESSOR OF ZOOLOGY, WEST VIRGINIA UNIVERSITY 


At their annual meetings, in Decem- 
ber, 1936, both the American Society of 
Zoologists and the Ecological Society of 
America passed resolutions condemning 
the wholesale destruction of our wild 
animals in the so-called ‘‘vermin’’ con- 
trol campaigns being waged in so many 
of our communities. The author was 
requested by the latter society to write 
two articles on the subject, for publica- 
tion in THE Screntiric MonTHLY and in 
Nature Magazine. 

We hear and read a great deal about 
“four vanishing wild life,’’ but it is 
doubtful if the average reader realizes 
the part played in the vanishing process 
by the so-called ‘‘vermin or predator 
control’? campaigns that are sweeping 
the country. 

The term ‘‘vermin’”’ is applied, chiefly 
by sportsmen and dealers in sportsmen’s 
supplies, to those animals, without re- 
gard to their beauty, interest or value, 
which are supposed to be harmful to the 
few species that the sportsman himself 
wants to kill. 

The term as used perhaps originated 
on the great hunting estates of Europe, 
where game wardens, often very ‘‘hard- 
boiled’’ individuals, were paid to protect 
their employers’ game against human 
poachers and every other danger except 
the owner’s firearms. Most absurd ideas 
of ‘‘vermin’’ sometimes obtained, as in 
the case of the warden who destroyed 
nightingales because, he said, they dis- 
turbed the sleep of the pheasants. 

Perhaps no such extreme ideas are 
held in this country, but when more than 
69,000 chipmunks are destroyed in a year 
in one state under the name of ‘‘ver- 
min,’’ we, who enjoy watching or making 


pets of this attractive little animal, won- 
der if the word ‘‘vermin’’ was not at- 
tached to the wrong mammal. 

The live-stock interests are probably 
chiefly responsible for the war of exter- 
mination being waged, mainly by the 
U. 8S. Biological Survey, against the 
larger predators of the western states. 
In 1936, 1,115 wolves, 64,566 coyotes, 
6,980 bobeats and lynxes, 287 mountain 
lions, 173 bears and 6 ocelots were de- 
stroyed. What effect this destruction 
will have on the numbers of destructive 
rodents in this area remains to be seen. 
The fur trade is said to be solidly against 
the policy of poisoning predators, believ- 
ing that ‘‘the very existence of the 
domestic fur trade is threatened.’’ 

There are several groups of people 
who are interested in wild animals. The 
smallest, and, in most localities, non- 
existent, group is composed of those who 
need the animals for food. The second 
and larger group includes those who 
make their living by collecting furs; this 
group is also lacking in most communi- 
ties. A still larger group, found in prac- 
tically all communities, comprises the 
sportsmen; in this group are also the 
manufacturers of the arms and ammuni- 
tion used by the sportsmen. 

By far the largest group of persons 
interested in wild life are those who 
enjoy watching and studying the live or 
scientifically mounted animals in the 
woods, fields and museums. We who 
belong to this universally distributed 
group can see no justice in allowing a 
smaller and generally well-to-do group 
to destroy, by the hundreds of thousands 
annually, many beautiful or interesting 
animals because they are thought, often 
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incorrectly, as we shall see, to diminish 
the numbers of a small group of game 
animals that the sportsmen want pre- 
served so that they may be killed for 
sport. 

To gain an idea of the kind and num- 
ber of animals killed in these ‘‘vermin’’ 
control contests note the results for 1935 
in an ‘‘ Eastern State’’ as given in Pub- 
lication No. 59 of the Emergency Con- 
servation Committee. 


Species Number 
Gray fox 1,700 
Weasel 2,900 
Wildeat 188 
Mink 404 
House cat 8,410 
Crows 19,616 
Kingfisher 1,546 
Snakes 184,702 
Carp 331 
Rats and mice 115,016 
Hawks 7,270 
Owls 3,123 
Waterdogs 14,571 
Gars 462 
Blackbirds 783 
Sparrows 3,936 
Turtles 21,566 
Shite pokes 42 
Ground squirrel 69,780 
Eagles 4 
Groundhog 1,203 
Eggs (snake, crow, hawk and 

owl) 1,308 
Terrapins 28,572 
Starlings 19,186 
Red squirrel 7,606 

Total 514,225 
Note that snakes, hawks, owls and 


eagles are destroyed as groups, appar- 
ently without regard to species. 

Let us consider these four groups in 
turn. The order of snakes undoubtedly 
includes some species that are of little, 
if any, economic value to man, and few 
people would advocate the protection of 
the more dangerously poisonous ones; 
but to include, say, the house snake, the 
black snake and the bull snake in the 
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forms in the act of destroying the nest 
of some game bird is as unjust as it would 
be to kill all dogs because a sheep-killer 
is seen in a farming community. Yet in 
the above list 184,702 snakes were num- 
bered. 

The case of the hawks and owls is still 
worse, aS a majority of the hawks and 
practically all the owls have been shown, 
by extensive studies of stomach contents 
and food pellets, to be highly beneficial 
as destroyers of rodent pests. In some 
communities only the hawks known to be 
more harmful than beneficial are per- 
mitted on the ‘‘vermin’’ lists, but this 
does little good, as few people know the 
species of hawks, especially at a distance 
or on the wing. To prove that this was 
true the following experiment was tried: 
seven well-mounted specimens of our 
common hawks were placed in a row, 
each specimen numbered; the eleven 
sportsmen present, all of them educated 
men, were asked to name, by numbers, 
the seven hawks; five of the eleven men 
failed to correctly name a single bird and 
only one named as many as five of the 
seven hawks. This experiment was tried 
on two other occasions, known to the 
writer, with similar results. Unless, 
then, a severe penalty be imposed for 
killing the wrong birds, it is obvious that 
the naming of certain hawks in a ‘‘ver- 
min’’ campaign is little more than a 
gesture. 

The establishment in 1934 of the Hawk 
Mountain Wild Life Sanctuary, on the 
Kittatinny Ridge, in the east-central 
part of Pennsylvania, was a grand stroke 
of conservation, as hawks of all sorts 
were there being slaughtered each year 
by the thousands, purely for sport. 

The eagle case is somewhat similar to 
that of the hawks, since the average per- 
son can not tell the bald from the golden 
eagle until the former is mature and 


‘‘vermin’’ list because an occasional develops the white head- and tail- 
sportsman sees one of these familiar ~ feathers. 
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The bald eagle, which was made our 
national emblem by act of Congress on 
June 20, 1782, is generally regarded as 
a harmless species ; the case of the golden 
eagle is not so clear, but its rarity, in 
most regions, makes its possible occa- 
sional depredations of little importance. 

It is thought an eagle can lift an 
object of its own weight, from 8 to 11 
pounds. As a lamb averages from 7 to 
8 pounds at birth an eagle could carry 
it off, for a short time after birth, and 
might kill it for a much longer period, 
even if it had grown too large to lift from 
the ground; but to believe that an eagle 
could earry an eight-year-old boy, weigh- 
ing 50 pounds, up twenty feet before 
dropping him from fright, as has been 


reported, is asking too much of our 
credulity. In another case reported in 


West Virginia, the eagle, which mea- 
sured some ten feet across, attacked a 
railroad worker and was finally killed 
after a desperate fight. On writing to 
the man, whose name and address were 
given in the paper, it was found that he 
had killed an eagle, but the account of 
the great size and savage attack were 
pure fiction. 

As our magnificent national bird is 
largely a fish-eater and scavenger it is 
utterly inexcusable that it should be 
exterminated, and it is the writer’s 
opinion that the golden eagle also should 
be protected in practically all parts of its 
range. 

According to F. H. Dale’ ‘‘The 
Golden Eagles are highly beneficial to 
agriculture in the sum-total of their 
activities and should not be destroyed as 
a species, although occasional individuals 
may require destruction because of lamb- 
killing habits.’’ 

In the same article Dale quotes a letter 
from the sporting page of the San Fran- 
cisco Chronicle as follows: 


...I1 use my airplane, which is a three- 
place biplane. I remove the left door so the 


1 The Condor, September—October, 1936. 
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gunner can shoot to the left. I have ribbons 
taped to the wires so they will not shoot into 
the propeller. ... At times I am able to fly 
within 50 feet of the bird by getting behind and 
slightly over it. We are permitted to kill golden 
eagles but not the bald This is 
something new and I am in the f 
taking passenger-hunters out. 
I usually cover 70 or 80 miles of territory. . . 


variety. ... 
business 


In an hour’s tims 


What chance does the eagle have in 
such acase? Dale says: ‘‘The five eagles 
seen by me, and said to have been killed 
or crippled from an airplane were all 
bald eagles’’—another 
protection of one species does little good 


ease where the 
when a similar species is unprotected 
An interesting pamphlet, 
Bald Eagle,’’ 
distributed by the Emergency Conserva 
tion Committee, 
New York City. 
Suppose it be assumed that the smaller 
predators, the ‘‘vermin’’ of the sport 
men, do destroy considerable numbers of 
birds that are desired as game. Does the 
destruction of these predators have a 
beneficial effect 


bers of game? 


**Save the 
is one of the many being 


734 Lexington Avenue, 


in increasing the num 
The results of the 
tigations of Dr. Paul L. Errington and 
others in Wisconsin and Iowa on the 
quail population seem to give a negative 
answer to this question. 


inves 


These field experiments were carried 
on during the years 1929 to 1934. It 
seemed to be shown that the carrying 
eapacity of bob-whites for a given area 
depended the 
capacity of that area. If there were too 
many birds at the end of the breeding 
season they were reduced to a fairly defi- 
nite number by the end of the winter, 
depending largely on the food cover and 
escape cover of the area, with little 
apparent relationship to the number of 
predators. Errington says :* 

I do not 
mean that under no circumstances could preda 


upon winter carrying 


intend any statement of mine to 
tors have any influence upon quail populations. 
I make no pretense of knowing all there is to 


2 American Forests, January, 1935. 
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know about the matter. Natural relationships 
are too complex to permit of any hard and fast 
generalities. But the data from five years work 
make it apparent, nevertheless, that the influ- 
ence which differences in predator numbers may 
have had on the survival of quail populations 
studied has been so slight as to be unmeasurable. 
Certainly the importance of predator control in 
the management of the northern bob-white has 
been grossly overestimated, while a deplorable 
lack of attention has been given the manipula- 
tion of food, cover, and covey ranges. Indeed 
the public tendency has been to emphasize the 
negligible predator factor to the virtual ex- 
clusion of management measures that really 
eount.... 

Man himself, by means of his intelligence and 
modern hunting equipment, is about the only 
predator of which I know efficient enough to 
reduce bob-white populations much below the 
normal winter carrying capacity of the land. 


‘ ? 


An aspect of ‘‘vermin’’ destruction 
that is appreciated by but few persons 
other than trained naturalists is the 
possibility of upsetting the so-called 
‘*balance of nature’’ or the ‘‘web of 
life.’’ As Grinnell says 

The relationships which have been set up 
through the ages between wild birds, mammals, 
and plants, in fact between all forms of life, 
ean not be disturbed unless we are willing to 
accept the consequences—and these may be 
exceedingly serious for us. 


The possible results of the introduction 
of new species into a given territory are 
more generally appreciated than the 
destruction of an indigenous species. 

J. R. Kinghorn, in a presidential ad- 
dress, ‘‘Faunal Problems,’’ published in 
the Australian Zoologist, Volume V, Part 
3, calls attention to the problem, among 
others, of the well-known rabbit pest of 
that country. Introduced by Governor 
King in 1791, the rabbits are now so 
numerous that it has been estimated that 
if they could be eradicated, ‘‘New South 
Wales alone could carry another 10,000,- 
000 sheep.’’ Although such a pest to 
agriculture there is another side to this 
question, as the pelts of rabbits were 

8 Screntiric MONTHLY, pp. 533-556, Decem- 
ber, 1935. 
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exported in 1926 to the value of over 
4,000,000 pounds sterling and the car- 
casses brought in 3,000,000 pounds ; about 
$35,000,000 is a considerable incdme to 
be derived from a waste product. 

Those who are advocating the extermi- 
nation of our interesting pelicans because 
of their supposed destruction of fish 
might note a similar case quoted from 
Sir Arthur Thompson in Publication No. 
1, page 16, of the Federation of Ontario 
Naturalists. 

There is an Australian story that reads as if 
written for man’s instruction. On certain Mur- 
ray River swamps several species of cormorants 
used to swarm in thousands, but ruthless mas- 
sacres, based on the supposition that cormorants 
were spoiling the fishing, reduced them to hun- 
dreds. But the fishing did not improve; it grew 
worse. It was then discovered that the cormor- 
ants fed largely upon crabs, eels, and some other 
creatures which devour the spawn and fry of the 
desirable fishes. Thus the ignorant massacre of 
the cormorants made for the impoverishment, 
not for the improvement of the fishing. The 
obvious moral is that man should get at the facts 
of the web of life before, not after, he has 
recourse to drastic measures of interference. 


Now, the question is, What can be done 
to stop the slaughter? Perhaps the pub- 
lie will have to be educated until it can 
force the passage of necessary legislation. 
The most logical agents to secure this 
legislation would seem, perhaps, to be the 
state conservation commission and similar 
groups under other names. 

But alas, of the twenty-seven commis- 
sions that replied, out of 36 that were 
questioned, nineteen expressed them- 
selves in favor of ‘‘vermin’’ control cam- 
paigns. 

According to a U. 8. Biological Survey 
Bulletin, issued in 1935, 28 states pay 
bounties on certain birds or mammals or 
on both. One state, this year, will pay 
$40 to each group that kills more than a 
certain number of animals in its cam- 
paign. Various individuals and organi- 
zations are waging a strong war against 
this evil. 
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THE DESTRUCTION OF ‘*VERMIN”’ 


Conservation has suffered an irrepar- 
able loss in the recent death of Dr. Wil- 
liam T. Hornaday. 

The Emergency Conservation Commit- 
tee deserves the support of all conserva- 
tionists. That excellent popular journal, 
Nature Magazine, is a tireless and fearless 
advocate of conservation. The Federa- 
tion of Woman’s Clubs might be, perhaps 
is, a mighty force to secure legislation. 

The American Society of Mammalo- 
gists, a few years ago, appointed a Special 
Committee on Predatory Mammal Con- 
trol, with the well-known mammalogist, 
H. E. Anthony, as chairman. After 
careful investigation the committee made 
its report and made the following recom- 
mendations, which were adopted : 


(1) That the Society strongly urges the Bio- 
logical Survey that the use of poison as a con- 
trol measure against predatory mammals be 
drastically curtailed, with the view of complete 
suspension of poisoning as soon as reasonably 
possible. 

(2) That the Society deplores the propaganda 
of the Survey which is designed to unduly 
blacken the character of certain species of preda- 
tory mammals, giving only part of the facts and 
withholding the rest, propaganda which is edu- 
cating the public to advocate destruction of wild 
life. 

(3) That the Society asserts the claim of the 
great nature-loving public to a voice in the 
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administration of our wild-life resources, and 
challenges the right of a federal organization, 
such as the Biological Survey, to consider only 
the interests of a very small minority, the live- 
stock interests. 


The attitude of trained naturalists to- 
wards wild-life destruction is seen in the 
following protest, issued, about two years 
ago, and signed by the heads of many of 
our greatest natural history institutions: 


A PROTEST 


We, the undersigned, having taken cognizance 
of the fact that conditions operating for the 
destruction of American wild life are becoming 
increasingly intolerable, view with the gravest 
concern the present wholesale and largely indis 
criminate use of poison at the hands of paid, 
and frequently irresponsible hunters, whereby it 
appears that the very existence of all carnivorous 
mammals, including those valuable species which 
constitute the chief check upon injurious rodents 
and are a vital element of our fauna, is immi- 
nently threatened over large areas. We there- 
fore earnestly petition that this extensive pro- 
gram of poisoning operations be immediately 
abandoned, and that no extensive and general 
destruction of any form of wild life, by trapping 
or other means, be permitted in the name of 
expediency, without this course having first been 
abundantly proved as justifiable from an eco 
nomic view-point by having made a thorough 
investigation of the food habits of the species 
eoncerned, prosecuted by disinterested and 
properly qualified parties. 





COAL-TAR CONTEMPLATIONS 


By Dr. VICTOR ROBINSON 


PROFESSOR OF HISTORY OF MEDICINE, TEMPLE UNIVERSITY SCHOOL OF MEDICINE 


CHEMICAL processes were known to the 
pre-Greek nations before Empedocles 
speculated on the elements and Democ- 
ritus defined the atom. There is no 
question of the lineage of an art once 
called the holy art, the hidden art, the 
black art, the Egyptian art. The more 
we realize the antiquity of chemistry, the 
stranger it appears that chemical educa- 
tion is an idea of modern times. There 
was no school of chemistry until a youth 
of twenty-one opened his laboratory to 
students at Giessen: the innovator was 
Liebig and the date 1824. Prior to that 
time, the general student could enter the 
chemical laboratory only through the 
door of an apothecary-shop. Liebig later 
traveled through England, and as he 
found no chemical laboratories for pub- 
lic instruction, he informed his friend 
Wohler: ‘‘England is not the home of 
science.’’ 

England waited until 1845 before es- 
tablishing, under the tutelage of Hof- 
mann, its first college of chemistry. If 
we wonder how it happened that the 
German chemist, August Wilhelm von 
Hofmann, appropriately born in Giessen 
and trained by Liebig himself, should be 
teaching in London instead of Bonn or 
Berlin, it must be remembered that the 
Greeks were wise in exalting chance to 
a divinity. Hofmann, whose discovery 
of formaldehyde was only an incident in 
a career of splendor, remained nearly 
twenty years in London because Queen 
Victoria happened to love her German 
cousin. Prince Albert, particularly in- 
terested in the application of science to 
industry, persuaded Hofmann to under- 
take a perilous experiment: to give up 
the work that lay before him and build 
a college of chemistry on foreign soil. 
Not until Eberth’s bacillus removed the 


prince-consort from the scene, did Hof- 
mann return to his fatherland. 

Hofmann’s initial research, carried on 
in the laboratory of Liebig, was on coal- 
tar: after discovering the nature of ani- 
line, which ever afterwards he spoke of 
as his first love, he succeeded in finding 
in coal-tar the hydrocarbon that Faraday 
originally found in oil gas—the mystic 
fluid, benzene. Among those who heard 
Hofmann expound coal-tar chemistry 
was a rector’s son, Charles Blachford 
Mansfield. Ill health delayed his formal 
education, and the pupil was only one 
year younger than the teacher. Mans- 
field became absorbed in the fractiona- 
tion of distillates, and devised the appa- 
ratus and method by which benzene 
could be recovered from coal-tar. In 
Hofmann’s laboratory, Mansfield thus 
laid the foundation of the coal-tar indus- 
try, though years passed before benzene 
became commercially available. Mans- 
field’s pioneer monograph on ‘‘Aeral 
Navigation,’’ his brilliant letters from 
Paraguay and Brazil and his theory of 
salts, all presaged an unusual career— 
his Portuguese translator wrote of him 
as ‘‘a great soul stirred by mighty con- 
ceptions and the love of mankind’’—but 
the benzene which Mansfield liberated 
from its prison proved his Frankenstein. 
Before his thirty-sixth birthday, prepar- 
ing samples of benzene for the Paris 
Exhibition of 1855, he saved a building 
from destruction by running outside 
with a blazing still in his hands. Mans- 
field was fatally burned and died in 
Middlesex Hospital. 

There was mourning in Hofmann’s 
laboratory, but work must go on. One 
yéar after Mansfield’s tragic end, the 
laboratory was alive with excitement 
over another pupil, William Henry 
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Perkin. Learning from his teacher that 
a basic nitrogenous substance in coal-tar 
is also the parent substance of alkaloids, 
young Perkin spent the Easter vacation 
of 1856 in his amateur laboratory at 
home, trying to make artificial quinine. 
(It was an audacious thought, for a gen- 
eration was to pass before Albert Laden- 
burg built up conine—the first synthesis 
of an alkaloid——-while the synthesis of 
quinine has not yet been achieved). 
Perkin’s experiments produced nothing 
until he treated Hofmann’s beloved ani- 
line with bichromate of potash and sul- 
furie acid. Then the fortunate youth 
saw before him a darkish precipitate 
which yielded him a dye. It was 
Perkin’s Purple, subsequently known as 
Aniline Purple and Tyrian Purple—a 
modern chemical link with ancient Phoe- 
nicia—and now called by the French 
name of mauve or mauvein. It was the 
first of the aniline dyes to be discovered, 
it was the definite creation of the coal-tar 
color industry. 

Perkin bade farewell to the college of 
chemistry, took out a patent and with the 
aid of his family erected a factory at 
Greenford Green, near Harrow, to color 
the textiles of the world. It adds con- 
siderably to the interest of the situation 
to recall that this new captain of indus- 
try, who revolutionized the dye-vats of 
civilization, was a boy of eighteen. The 
life of Perkin was indeed a succession of 
triumphs. Nature placed fragrant cou- 
marin in the tonka bean, in sweet wood- 
ruff and in yellow melilot, but Perkin 
prepared it chemically, the first artificial 
perfume. Cloth dyed with madder was 
wrapped around Egyptian mummies, 
and in the days of Herodotus the cloaks 
of Libyan women were colored with 
madder. In later times, hundreds of 
thousands of acres, stretching from 
southern France eastward toward Ara- 
bia, were devoted to the cultivation of 
the madder plant. The factory ruined 
these fields when alizarin, the red dye of 
the madder root, was prepared from coal- 


tar by Perkin. In his mid-thirties, at a 
time when most men are fighting for a 
foothold in business, Perkin retired from 
manufacture to pursue his researches 
without interruption. He then gave to 
organic chemistry the method of con- 
densation of aldehydes with fatty acids 
—Perkin’s reaction; and in physical 
chemistry he demonstrated the relation- 
ship between magnetic polarization and 
chemical constitution—Perkin’s law. 
Elected a fellow of the Royal Society 
in his twenties, president of various tech- 
nical associations, the recipient of com- 
plimentary doctorates from universities 
and of the Davy medal and the Albert 
medal, Perkin was accustomed to honors, 
yet the international celebration, in the 
summer of 1906, must have stirred even 
that much-honored man. Perkin was 
now a bearded patriarch, the father of 
four daughters and three sons, and each 
of the sons was a distinguished chemist. 
On this jubilee of his discovery of the 
first aniline dye, nation and nation testi 
fied its esteem of Perkin. His country 
bestowed knighthood upon him; France 
gave him the Lavoisier medal; Germany 


—in the person of Emil Fischer—gave 
him the Hofmann medal; the United 
States founded the Perkin medal for 
American chemists, and he received 


diplomas sufficient to cover his largest 
wall. The following year he died, and 
the public has not yet learned that this 
man was the moving forces of 
modernity. 

Queen Victoria’s husband, a victim of 
typhoid fever at forty-two, lay sleeping 
in his magnificent mausoleum, but the 
sagacity of Prince Albert had long been 
vindicated, for Hofmann’s laboratory 
was the ovum from which developed the 
eoal-tar industry. Chemical industry is 
not new: its origin is found in the blow- 
pipes of the Egyptians, the dyeing-vats 
of the Tyrians, the glass-furnaces of the 
Assyrians, the kilns of the Babylonians, 
the petroleum-fires that burned on the 
altars of the Hebrews. The coal-tar in- 
dustry is not the beginning, it is the con- 
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summation of centuries of chemistry. 
Coal-tar, dark, thickish, neither a liquid 
nor quite a solid, a useless residue 
clogging the pipes in the making of illu- 
minating gas, has become, in the Perkin 
era, a central item in the wealth of 
nations. 

Nature has filled the tar-barrel with a 
lavish hand, and it has brought color and 
comfort to mankind. It is the philoso- 
pher’s egg, the elixir of life of the mod- 
ern alchemist. A remarkable Materia 
Medica could be compiled, limited en- 
tirely to coal-tar products. The rejected 
nuisance, the despised by-product of the 
past, is nature’s own laboratory, whose 
magic alembic distills fluids and vapors 
and scales and erystals for the allevia- 
tion of suffering. From coal-tar and 
allied substances are derived countless 
synthetics which have replaced the herbs 
of our forefathers. Among these reme- 
dies are the antiseptics, phenol, cresol, 
resorcin; the local anesthetics, alypin, 
novocaine, stovaine; the hypnotics, vero- 
nal, adalin, luminal; such antipyretics 
as pyramidon, acetanilid and that house- 
hold fetich, aspirin. Out of the tar 
barrel, the exhaustless hope-chest of 
science, have come such diverse medici- 
nals as saccharin, the permissible sugar 
of the diabetic; atoxyl for sleeping sick- 
ness; and salvarsan and neo-salvarsan 
for the conquest of syphilis. 

Parasiticides and perfumes, fuels and 
photographie supplies, the asphalt of the 
pavement and the varnish on the roof, 
are all born in the deep womb of coal- 
tar. Cradled in England, the coal-tar 
industry reached maturity in Germany. 
Coal-tar industrialism has grown too big 
for ethical control. Worship of the 
chemical god was one of the economic 
factors of the world war. Perhaps it is 
time for the generation that has grown 
up in the shadow of the machine age to 
heed the words of Aristotle. ‘‘Indus- 
trial work,’’ said Aristotle, ‘‘tends to 
lower the standard of thought.’’ In our 
era it has lowered the entire standard 


of human behavior. Every discovery of 
science is now tested in the counting- 
house of commerce. It is only poetic 
justice that in the world war, coal-tar 
which gave man the healing antiseptics, 
chloramine-T and dichloramine-T, to 
soothe his wounds, also gave him trinitro- 
toluene—the dreaded explosive, T.N.T. 
—and poison gas. Over the fields where 
man has shed the blood of man, forever 
sounds the challenge: ‘‘ After two thou- 
sand years of mass, have we got as far 
as poison-gas?’’ 

On the eve of the centenary of 
Perkin’s birth, one is reminded of the 
Enoch Saga. In the Ethiopic Book of 
Enoth it is written that the angels who 
visited our world were earth-bound by 
the beauty of woman; instead of return- 
ing to heaven, as all good angels should, 
they married the daughters of earth, and 
in gratitude for their favors, revealed to 
their offspring, who were giants, the 
worth of the metals within the earth and 
the healing powers of the herbs that grew 
upon the earth. That this knowledge 
should not be lost, the fallen angels in- 
scribed their teachings in a book called 
Chema, from which is derived Chemia. 
It is an ill-made legend, compounded 
from the sixth chapter of Genesis— 
there are later accretions by Zosimus of 
Panapolis, the first of the Greek alchem- 
ists—but it remains of interest as one 
of the fabled origins of chemistry. In 
the Slavonic Book of Enoch it is written 
that man was created with free will and 
shown the way of light and of darkness: 
he turned from the light and lost himself 
in the darkness. In every generation 
man stands at these crossroads, facing 
the same decision. To-day, armed with 
the new chemistry, so potent for good 
and for ill, he must choose again. Will 
he again pass through the gates of greed 
to follow the old road of racial hatred 
and war, or will he emerge in the light 
on the highway of human brotherhood? 
To-morrow’s children will know the 
answer. 
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A FORECAST OF TECHNOLOGICAL 
EDUCATION 


By Dr. KARL T. COMPTON 


PRESIDENT OF THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


As a form of intellectual effort, fore- 
casting is more notable for its ability to 
survive failures than for its successes. 
It flourished with the soothsayers of 
Egypt and the oracles of Greece; it lost 
none of its vogue in the hands of the 
astrologers of the Middle Ages; it is 
practised to-day by tipsters, weather 
prophets, investment counselors and a 
host of similar services. 

Wishful thinking and the fact that 
‘“‘hope springs eternal in the human 
breast’’ account in part for the hold that 
forecasters have on us, as does also the 
human frailty of trying to shift respon- 
sibility by making decisions. More fun- 
damental, however, is the fact that al- 
most every rational action has to be based 
upon some sort of forecast of its future 
results. Rational human beings, there- 
fore, must of necessity be forecasters. 

The progress of civilization may be 
measured by the trend from superstition 
to science in forecasting, but this trend 
has been immensely more rapid in some 
fields than others. Astronomers can pre- 
dict an eclipse with stop-watch accuracy 
a century in advance; psychologists have 
made at least some progress in ability to 
forecast probable success in different oc- 
cupations by measuring students’ apti- 
tudes; medical men are as yet powerless 
to foretell when or where the next epi- 
demic of infantile paralysis will break 
out. All grades of forecasting, from 
hocus-pocus and racket to art and science, 
coexist as part of man’s struggle for a 
more satisfying life. 

Having thus defined the field and ex- 
posed the uncertainties of forecasting, I 
immediately confess that my present ex- 


cursion into this realm lies somewhere in 
the scale between racket and 
at about the point usually described as 
“*hunch.’’ My logic may be faulty or un- 
foreseen conditions may arise to change 
the picture, but, as I see it, technological 
education in the future will show the 
following characteristics : 

(1) The importance of technological 
education will continually increase. This 
appears to be the sure result of three 
factors: first, the increasing competition 
which is foreed upon individuals and 
organizations as the opportunity for free 
expansion into the unoccupied frontiers 
of the West disappears; second, the ne- 
cessity of using and husbanding our nat- 
ural resources more wisely as these be- 
come less and less available for easy and 
wasteful exploitation ; third, the increas- 
ing applications of science to minister to 
human needs and desires, which are so 
important a feature of our so-called ris- 
ing standard of living. 

(2) There will be increasing differen- 
tiation between technological and techni- 
cal training, t.e., between the engineering 
school and the trade school. The field is 
rapidly becoming too complex to be in- 
cluded in one and the same curriculum, 
and the school which attempts to straddle 
both will succeed in neither. 

(3) Large industrial units or associa- 
tions will increasingly establish their own 
trade schools to train expert technicians 
for their own special purposes. Private 
or public technical schools will similarly 
supply the general needs of the surround- 
ing industrial communities for skilled 
mechanics, lithographers, textile workers, 
electricians, draughtsmen, and the like. 
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This system will practically replace the 
older apprentice system which, for better 
or worse, is rapidly disappearing. 

(4) Undergraduate curriculums in 
technological schools will increasingly 
avoid specialization except in rather gen- 
eral fields, and will devote increasing at- 
tention to physics, chemistry, and the 
general principles and methods of en- 
gineering, with supplementary education 
in social science and training in the art 
of exposition. Such broad and basic 
training is needed to give the vision and 
adaptability required for positions of re- 
sponsibility in a world of activities which 
are increasingly dependent on applica- 
tions of science in new and varied ways. 

(5) Asa corollary, the increasing need 
for many technological specialists will be 
met by the graduate curriculums, and we 
may expect a continuation of the recently 
growing emphasis on graduate study. 

(6) We will see increasing differentia- 
tion in scope and more logical adaption 
to environment in our colleges and uni- 
versities. This will be forced upon them 
by competition or achieved voluntarily 
after wise appraisal of opportunities. 
Most of our present colleges were founded 
in the era of horse and buggy or limited 
rail transportation. Most of them were 
intended to minister to local educational 
needs. As transportation becomes faster 
and easier, and the people become more 
travel minded, why should an ambitious 
young man try to secure a specialized 
training for a profession at Podunk Col- 
lege, when a few hours of travel will give 
him the superior education of a great 
institution ? 

Obviously this tendency is more pro- 
nounced in the higher grades of the edu- 
cational system, such as the professional 
and graduate schools. We will, there- 
fore, see many a smaller or less favorably 
situated institution drop its ambitious 
attempts to encompass the whole field of 
education and concentrate its resources 
to do the best possible job as an under- 


graduate or a junior college, perhaps re- 
taining some special field of local signifi- 
eance. At the same time, the higher 
ranges of education will be concentrated 
in the most favorably situated institu- 
tions. Even among these, the selective 
process will operate, and we will see a 
few of them emerge as superprofessional 
schools, with the graduate aspect strongly 
emphasized. 

(7) Research will become a continu- 
ally more important activity in the lead- 
ing technological schools. Two impor- 
tant factors conspire to bring this about, 
one pedagogical and the other social. 

As to the first of these, it will suffice to 
remark that research, viz., investigation 
and report of some problem conducted 
intensively and relatively independently 
by a student, aided by all the resources 
of library, laboratory and consultation 
which he can marshal, supplies a test and 
training for an important element of his 
future career, which are not afforded by 
ordinary classroom or laboratory methods 
of instruction. Research, as for gradu- 
ation theses, is a more expensive type of 
training than lecture, quiz and labora- 
tory exercise; it is far more difficult to 
handle properly by the faculty, but if so 
handled it is likely to be fascinating to 
the student. I believe research to be 
capable of great development as a feature 
of education, both graduate and under- 
graduate, and those schools which are 
able to handle it adequately will take a 
predominating place in the educational 
world. 

The social basis for research in educa- 
tional institutions lies in the combination 
of urgent public need for research and 
unique opportunities for performing 
some kinds of research in educational in- 
stitutions. Such institutions have ex- 
tensive and varied laboratory equipment, 
large staffs in many related fields of sci- 
ence and art, and a great supply of young 
men available as students or apprentices 
to work under expert guidance. There 








is 1 
faci 
whi 
F 
am 
in 
and 
ress 
new 
Wh 
ably 
late 
gFovVi 
und 
wid 
just 
tion 
eral 
all « 
F 
crea 
nol¢ 
by 
sup} 
by g 
by « 
for 
men 
inte 
dire 
of i 
first 
grov 
syst 
whi 
eally 
tion: 
sup} 
go00c 
ernn 
Con; 
tren 
educ 
the 
desi 
(& 
iner 
fore’ 
priv 








TECHNOLOGICAL EDUCATION 


is thus a dovetailing of interests and 
facilities between education and research, 
which is mutually most favorable. 
Public welfare calls for research from 
a multitude of angles; new developments 
in industry, public health, agriculture 
and all technical fields depend on prog- 
ress in pure science and development of 
new materials, processes and methods. 
While industrial organizations can profit- 
ably conduct research on problems re- 


lated to their specific interests, and 
governmental agencies can properly 


undertake research in specific fields of 
wide public interest, none of these is 
justified or equipped, as are the educa- 
tional institutions, to engage in the gen- 
eral advancement of knowledge on which 
all depend in the last analysis. 

For such reasons I look for an in- 
ereased activity in research in the tech- 
nological schools and for their support 
by the public in this activity. Such 
support will come in a variety of ways: 
by gifts from public-spirited benefactors ; 
by contracts from industrial associations 
for investigation and report on funda- 
mental or obscure problems of general 
interest to the associations; by grants 
directly by the government in support 
of important scientific programs. The 
first of these is one of the finest out- 
growths of the American capitalistic 
system; the last two are logical ways in 
which the benefits of research, specifi- 
cally rather unpredictable but of unques- 
tioned value in the aggregate, may be 
supported by the group for the general 
good. Recent practices of certain gov- 
ernmental bureaus and provisions in 
Congressional bills indicate a strong 
trend toward recognition of research in 
educational institutions—even outside 
the land-grant group—as a proper and 
desirable expenditure of public money. 

(8) Finally comes the question : ‘* Will 
increasing taxation and other methods of 
forcibly distributing wealth so cripple 
private philanthropy in this country as 
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to sound the death knell of the privately 
supported educational institutions, leav- 
ing all education in the hands of the 
state?’’ Inflation and taxation in an 
essentially socialistic state could accom- 
plish this. If it should happen, education 
would be a major loser in the general 
catastrophe. Fully admitting the splen- 
did work of many state-supported uni- 
versities and their essential contribution 
to our national life, it is, nevertheless, the 
independent institutions which have set 
the pace and maintained the intellectual 
integrity and freedom of our entire edu- 
cational them, and the 
whole structure is freely exposed to the 
danger of political manipulation and 
domination. 

Private institutions can pay their key 
men salaries larger than those of the aver 
age voter or political office holder, can 
undertake intellectual 
obvious practical value, can report facts 
or announce theories without thought of 
the political strife of the moment. Such 
things are not so easy in a state-controlled 
school, and would be vastly less easy if 
the bulwark of tradition and example of 
the private institutions were destroyed 
State institutions suffer under still other 
handicaps: It is easier to get appropria 
tions for buildings, which show, than for 
the staff, which really makes the institu- 
tion; the institutions tend to 
pawns in the game of taxation 
budgets, with the staffs playing the role 
of very nervous onlookers and the presi- 
dents forced to mingle lobbying with edu- 
cational administration; the pressure to 
expand activities and serve all groups 
works against concentration on essentials 
and maintenance of high standards. 
Elimination of independent educational 
institutions would, therefore, not only 
sacrifice educational leadership, but 
would enormously increase the difficulties 
in spite of which the state institutions are 
now performing their functions so splen- 
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I do not believe that the basic good 
sense of the American people will permit 
these things to happen. I believe that our 
tradition of freedom, initiative and indi- 
vidual rights will continue to develop 
men and women who will acquire wealth 
and who will wish to use it for outstand- 
ing benefits to the general social group, 
in which education is an important ele- 
ment. I do believe that the economic 
trends are making the path of the private 
institutions more difficult and that some 
of them will succumb. The trend, I be- 
lieve, will be for state institutions to as- 
sume more of the burden of ordinary 
education, expanding from the public- 
school field into the junior-college field, 
thus substituting education in place of 
unemployment. 


CONCLUSION 


If these forecasts do not entirely miss 
the mark, they offer both encouragement 
and guidance in our efforts to make the 
privately controlled institutions of tech- 
nology of the future preéminently strong 
and serviceable institutions. Above all, 
they indicate that the criterion for sur- 
vival of a private institution will be that 
it offers a quality of education and public 
service, definitciy superior to that obtain- 
able in government-operated institutions. 
This is the challenge of the future to those 
who administer the affairs of private in- 
stitutions and to those who wish such 
institutions to endure as vanguard and 
bulwarks of a free and progressive social 
order. 


PIANO TOUCH 


By Professor CARL E. SEASHORE 
THE STATE UNIVERSITY OF IOWA 


ONE is tempted to say that touch is 
the touchiest subject in musical circles, 
because we are deeply impressed with 
the enormous possibilities for character- 
izing musical artistry and expression of 
musical feeling in terms of this art. The 
vocabulary descriptive of touch now cur- 
rent is extensive, loose and baffling. His- 
torically, but little effort has been made 
to aid the student in music by bringing 
order out of this chaos from a scientific 
point of view. However, recent scien- 
tific approaches to this subject have made 
progress and give assurance of the pos- 
sibility of an adequate analysis, descrip- 
tion and terminology for many of these 
phenomena. The best available book on 
the subject for musicians is the volume 
by Professor Ortmann, director of the 
Peabody Conservatory of Music. It is 
based upon a searching analysis of his- 
torical, theoretical and experimental evi- 
dences. His principal findings may be 
summarized as follows: 

The pianist has at his direct control 


only two of the four factors in music; 
namely, intensity and time. Pitch and 
timbre are determined primarily by the 
composer and the instrument. 

The pianist can control the intensity 
only in terms of the velocity of the ham- 
mer at the moment at which it leaves 
the escapement mechanism, and by the 
action of the pedals. 

There are only two significant strokes 
on the key: the percussion and the non- 
percussion. The difference between 
these is that the former contributes more 
noise to the piano tone and the latter 
gives the player better control of the 
desired intensity. 

Aside from the addition of the noise, 
the player can not modify the quality of 
the tone by the manner of depressing 
the key or by manipulations after the 
key has struck its bed except, perhaps, 
by a momentary partial key release and 
immediate key depression, damping the 
tone somewhat but not entirely. 

He can control the time factors which 
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influence quality only by the action of 
the dampers either through the keys or 
the pedals. 

In general these facts have been known 
for a long time by instrument makers 
and leading musicians. But many musi- 
cians have failed to recognize their sig- 
nificance or admit the facts. Indeed, 
experts in various fields of acoustical 
science also have questioned the findings 
enough to justify taking the problem into 
their laboratories for analysis and veri- 
fication. However, all the investigators 
have reached the same conclusion on the 
above points. Let us examine each of 
the essential factors in turn. 

In so far as it depends upon the stroke 
of the key, intensity (the physical fact) 
or loudness (the mental fact) is a fune- 
tion of the velocity of the hammer at the 
moment that it impinges upon the string. 
After that the tone can be modified only 
by action of the dampers. The piano 
action for any key consists of a com- 
pound lever system, the purpose of 
which is to facilitate and control the 
force of the blow on the string. Let us 
consider the nature of the blow. 

If a ball is placed on the inner end of 
a cleared piano key and the key is struck 
in the usual manner, the ball will fly 
from the key up against the string. 
Nothing can influence the velocity or the 
direction of the ball after it has left the 
key, and the ball can energize the string 
only at the moment of impact because, 
due to resilience of the compressed felt 
and the throw of the string, it bounds off 
instantly. The function and action of 
the hammer is analogous to that of the 
ball. The velocity of the hammer is 
determined by the velocity of the escape- 
ment lever at the moment the hammer is 
released for its flight, and the force of 
the blow is determined by the velocity 
of the hammer at the moment of impact. 
From this, several considerations follow: 

(1) It makes no difference whether 
the key is struck by an accelerating, re- 
tarding, even, or any form of irregular 
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movement; the only significant thing the 
player controls in the stroke is the ve- 
locity of the key at the exact moment 
that it throws off the hammer. 

This easily observed physical fact has 
profound significance in the theory of 
playing, hearing, enjoyment and critical 
judgments about music. The economic 
aspect is not to be ignored when we con- 
sider what money is spent in trying to 
teach pupils to do something that can 
not be done. It takes away a great deal 
of glamor and grace of mannerisms in 
the mode of depression of the key. It 
reduces touch to the fundamental factor 
of intensity. 

This should in no way detract from the 
resourcefulness of the instrument and 
the opportunity for individual expression 
or the indirect effects of intensity, which 
are legion. On the other hand, it clari- 
fies, glorifies and reveals the extraordi- 
nary refinement that is necessary in this 
artistic touch. The elaborate care taken 
in the development of form, weight, pres- 
sure and rate of arm, wrist and finger 
movements is fully justified in so far 
as it results in a refined control of the 
intensity of the tone but not for any 
independent change in tone quality. 

(2) The hammer is released just a 
trifle before the key reaches its bed. 
Like the ball, it has only one form of 
contact with the string; namely, an in- 
stantaneous impact followed by immedi- 
ate rebound. The movement of the key 
ean not influence the hammer after it 
has been released any more than it can 
influence the flight of the ball after it 
has been thrown off. Therefore no 
amount of waggling, vibrating, rocking 
or caressing of the key after it has once 
hit bottom can modify the action upon 
the string. The only way in which the 
key can further affect the string is by a 
new stroke of the hammer. This can 
easily be verified by manipulating a key 
near its bed and looking at the action of 
the hammer. 

Probably the only exception to this 
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statement is the rare or doubtful pos- 
sibility that a partial release of the es- 
capement mechanism may re-engage the 
hammer stem so that the hammer may 
again be thrown against the string and 
a partial damping may result. How- 
ever, even if physically possible, this is 
merely a stunt and is not attempted by 
artists under normal conditions of play- 
ing. Yet this fallacy plays a rdéle in 
musical circles in at least three impor- 
tant respects. First, whenever this 
stunt is affected, the observable finger 
action serves aS a suggestion which pro- 
duces the desired result in the form of 
an illusion of hearing. Such normal 
illusions have a very great influence 
upon musical hearing. Second, in ig- 
norance or defiance of the physical limi- 
tations, teachers often attempt to train 
pupils in the supposed art of this type 
of finesse. And third, theorists who 
oppose the limitation of touch to inten- 
sity control frequently fall back upon 
this phenomenon to sustain their claims. 
However, all well-informed musicians 
recognize that this feature is not impor- 
tant in their artistic playing. There- 
fore, we may ignore it in the discussion 
of the real factors in musical touch. 

(3) Indirectly the pianist can produce 
a great variety of tone qualities, but only 
by his control of the intensity of the tone. 
Having imparted a given velocity to the 
hammer, the pianist is entirely at the 
mercy of the instrument for the determi- 
nation of qualitative changes taking 
place in the tone, except for manipula- 
tion of the dampers. The piano is so 
constructed that it can produce a vast 
series of tone qualities, each one a func- 
tion of the intensity of the tone. Each 
instrument has its own relatively fixed 
characteristic in this respect. In gen- 
eral, the louder the tone, the richer it 
will be in quality. 

If we represent a series of intensities 
by the letters a, b, c, d, etc., and the corre- 
sponding degrees of richness and other 


characteristics of the quality by the sym- 
bols a’, b’, ¢’, d’, etc., then whenever a 
tone of intensity a is sounded, a quality 
a’ is produced; intensity b for the same 
tone will always yield a quality b’; in- 
tensity ¢ or any other intensity will al- 
ways yield its corresponding tone qual- 
ity. It is possible therefore to calibrate 
any particular piano in this way and to 
set up a scale of intensities which will 
yield approximately the corresponding 
scale of tone qualities. However, the 
situation is complicated by the fact that 
each instrument has its own resonance 
characteristics and responds differently 
to different chords. 

This setting up of a seale of equivalents 
for intensity and tone quality is just 
what every pianist has to do empirically. 
Rarely is it a clearly conscious effort or 
scale; probably it can best be described 
as a relationship which he has felt him- 
self into more or less subconsciously. 

(4) In 1933 Ghosh demonstrated that 
within a considerable range of the in- 
tensities normally functioning in music, 
the wave form of the vibrating string 
and therefore the resulting harmonic 
constitution remains constant. Thus, 
within a moderate range of changes in 
intensity, the player can not modify the 
quality of the tone as it emerges from 
the string. 

The qualitative changes which come 
with changing intensity are the result 
of resonance, reverberation or damping 
effects of the sounding board and the 
rest of the piano, the thuds and rattlings 
on the keys, as well as the acoustical 
characteristics of the room. The wave 
emitted by the sounding board and its 
accessories is very much stronger than 
the wave emitted from the string, and 
therefore becomes dominant in hearing. 
The wave form that impinges upon the 
ear is an amplification and modification 
of the wave form emitted by the string. 
This principle applies to all other musi- 
cal instruments. 
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At the present time artists regard in- 
harmonic and percussion accessories to 
piano response as legitimate and essential 
contributions to tone quality. Is it pos- 
sible that this attitude may change? We 
are facing an era of radical change in 
the nature of music. It is difficult to 
predict what will happen to concepts of 
piano playing. Several factors must be 
taken into account. 

First, the piano of to-day, the manner 
of its use and the tastes and habits of 
hearing are determined in large part by 
the heretofore existing mechanical limi- 
tations to construction of the instrument. 
This piano quality involves a variety of 
thuds, rattlings, raspings and various 
other forms of noise which are utilized 
for musical effect and add pronounced 
characteristics significantly to the tonal 
elements, especially in the louder intensi- 
ties. It is, to a considerable extent, in 
the impurities of tone that we differenti- 
ate instruments. 

Second, it is now possible to construct 
a synthetic-tone instrument in which we 
may include any desired sound quality, 
and therefore eliminate any of the 
present characteristics which may be 
redundant or undesirable. 

Third, in such an instrument, it is now 
possible to introduce a vast variety of 
tone qualities which we have not been 
able to produce with our present instru- 
ments. We must, therefore, consider 
the possibility of thinking of the future 
of music in terms of instruments in 
which the characteristics are not due to 
the limitations in mechanical construc- 
tion but are the deliberate choice, the 
result of invention and discovery of en- 
tirely new tonal complexes for musical 
satisfaction. 

Fourth, it is a matter of history and 
psychology that likes and dislikes, toler- 
ance and intolerance, artistic cravings 
and urges, are matters of development 
contingent upon the tendency to make 
the best of what we have, the biological 
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tendency toward new habit formations 
and the inherent artistic merit in 
innovations. 

These situations the piano shares with 
all other instruments. Conservatism 
tells us that there will be no sudden 
change, but insight into the nature of 
the situation tells us that the change will 
be radical, and that it must of necessity 
be in the interest of higher levels of musi- 
cal achievement with new probiems for 
the composer, the performer and the 
listener. 

Is it probable that the electrical flute, 
clarinet, trumpet or violin will introduce 
new satisfaction in the purity of har- 
monic factors so that we can dispense 
with the noises which at the present time 
give us the characteristics of the instru- 
ment? We may venture to answer that 
these new resources in electrical instru- 
ments will vastly enrich our world with 
harmonic tones and will ‘‘chasten’’ or 
replace many of our present instruments, 
but there may always be an artistic de- 
mand for inharmonic elements, and other 
noises and percussion features. 

(5) Pianists have fairly clear concepts 
of characteristics of tone quality, such as 
harsh, brilliant, mellow, full, singing, 
round, shrill, dry, metallic, steely, brit- 
tle, shallow, poor, ringing, clear, velvety, 
bell-like, jarring and strident. Ortmann 
performed an experiment in which a 
number of distinguished artists partici- 
pated and were able to produce the quali- 
ties Just named to their genera! satisfac- 
tion. But a recording device attached 
to the piano revealed that the only two 
variables that had been under their con- 
trol were the velocity of the hammer 
blow and the action of the dampers which 
affected the duration and loudness of the 
tone, and that, whenever qualitative dif- 
ferences were present, they were differ- 
ences in intensity and time relationships. 

(6) The countless varieties of temporal 
movement are also reduced to the opera- 
tion of time, with some modification by 
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intensity. Ortmann performed experi- 
ments in which accomplished pianists 
gave artistic expression to such marks 
as accelerando, ritardando, affettuoso, 
espressive, scherzando, etc. The record- 
ing device on the piano revealed the fact 
that all these characteristics of musical 
movement were completely controlled by 
the two factors, the time relationships 
and the intensity of the tone. 

(7) The pianist can modify quality 
through controlling the time factor in 
three ways: the tempo and the temporal 
aspects of rhythmic features are deter- 
mined largely by the duration of vibra- 
tion as determined by the moment of ap- 
plication of the dampers through the 
release of the key; the vibration may be 
continued by overholding the notes with 
the sostenuto pedal. 

It is well known that the piano tone 
fades out rapidly soon after the hammer 
stroke; but the listening ear tends to 
ignore this and, instead of hearing tones 
as having sudden changes in intensity 
and timbre, tends to hear the initial 
characteristic of the tone until the next 
key is struck, in spite of the fact that 
the physical change in the tone is very 
radical. For this reason, it seems to 
make relatively little difference whether 
a key is held down for the entire time as- 
signed to it in the score. As a matter of 
fact, the player is often irregular and 
relatively indifferent in regard to the 
time for release of the key, especially in 
rapid movements. He depends on this 
tendency in hearing to carry over. In 
musical hearing the effect of overholding 
the note by pedal is perhaps more evident 
in its modification of resulting tone qual- 
ity than in the awareness of the continu- 
ation of the note or chord as such. 

(8) The most profound change the 
artist can give to tone quality comes 
through pedal action. By means of the 
sostenuto pedal tones may be carried 
through a series of chords after the re- 
spective keys have been released, thus 
producing great enrichment in the har- 


mony through the gradual overlapping 
and fading of antecedent tones. Refine- 
ment in the use of this medium is an 
outstanding mark of artistry. 

In the use of the una chorda pedal the 
artist has a choice of striking one, two 
or three strings. Two effects result. The 
softer felt tends to dampen partial vibra- 
tions of the string and the remaining 
string or strings vibrate in sympathetic 
resonance. A combination of such tones 
obeys precisely the same laws as tones 
produced without pedal although the 
basic tone-complex is altered. The action 
of the soft pedal involves, of course, 
purely the factor of intensity. 

(9) The great tonal resources of the 
piano as an instrument lie in the rich- 
ness of tone produced by the possibility 
of playing one or many keys, with or 
without pedals, and thus utilizing both 
harmonic and melodic progressions. But 
these are as a rule set in the score by the 
composer, and the possibility of legiti- 
mately introducing variants and orna- 
ments not so indicated is limited. 

(10) It is, of course, recognized that 
the pianist has many devices for chang- 
ing the quality of tone by freedom in the 
use of intensity or in time. For example, 
tone coloring is a very conspicuous fea- 
ture in artistic playing, but it ordinarily 
means that the pianist strikes the notes 
in the chord with different force and thus 
can produce varying resonance effects 
from the same chord. Likewise, there are 
considerable resources in the variety of 
uses of the pedals, both as to time and in- 
tensity. The pianist has various devices 
by which he can get sympathetic vibra- 
tions and modulate overtones. There are 
also many ways of enhancing subjective 
tones which may play an important réle, 
clearly modifying the perceived tone 
quality, and we must not overlook the 
vast array of illusions which have qualita- 
tiye significance. Last but not least, there 
is the power of suggestion. 

(11) The artist may legitimately think 
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and perform with tone quality as his ob- 
jective, and consciously control his touch 
in terms of tone quality. Likewise the 
listener may regard tone quality as the 
primary factor and think of intensity 
as a secondary and even unrelated factor. 
But the fact remains that, in general, the 
only way in which the pianist can pro- 
duce qualitative changes is through 
dynamic and temporal changes, and then 
only within the limits set by the charac- 
teristics of the instrument. 

(12) It follows from these consider- 
ations that a fairly adequate record of 
musical performance can be made by 
recording the velocity of the hammer 
blow and the action of the dampers. 
With a given composition and a given 
instrument of which the characteristics 
are known, we can describe the essentials 
of artistic performance on the piano in 
terms of the artist’s command and use of 
these two factors. 

The lowa piano camera is built on this 
principle. It registers the performance 
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in minute and serviceable detail in a 
permanent photogram. This can be tran- 
scribed into a scientific performance 
score, in terms of which objective analysis 
of the tonally significant features of the 
rendition may be made. 

The purpose of this analysis has been 
to pave the way for a synthesis. In 
acoustics we have analyzers which may 
dissect any rich tone into its component 
partials ; conversely, we have synthesizers 
which can take all known partials of any 
rich tone and reconstruct the original 
single sound wave. On this analogy it is 
here suggested that the principle which 
justifies our reducing a rendition to its 
two operating media justifies our assum- 
ing that, by reversing the process, we 
may derive all the salient elements in the 
performance from an adequate record of 
these two media. Such matters as 
phrasing, personal interpretation, the 
principles of art involved, errors, idio- 
synerasies and exhibitions of skill are 
embodied in such a piano camera record 


FOR SCIENCE 


By Dr. A. S. PEARSE 
PROFESSOR OF ZOOLOGY, DUKE UNIVERSITY 


We live, then, in an age of grave social dis- 
order and threatening chaos; and it is in the 
main due to science.—McDougall, 1935. 


Scientific civilization has destroyed the world 
of the soul. . . . Civilization has created new 
stimuli against which we have no defense.—Car- 
rel, 1935. 


THe rewards of success are power, 
position and hard work; not affluence 
and ease, as the unsuccessful believe. 
The penalties of success are jealousy and 
responsibility. The tycoons of the earth 
are always the subjects of green-eyed 
envy. They must care for the so-called 
unfortunate and tell them what to do. 
They are blamed for hard times, plagues, 
famines, hurricanes and other ‘‘acts of 
God.’’ 


During the past century science has 
been successful. It has made the world 
more or less cosmopolitan, safe, gomfort- 
able, healthful, tolerant, honest, sensible 
and understanding. Naturally it is 
blamed by non-scientists for the troubles 
of society. Critics of science gleefully 
point out that scientific theories grow 
into dogmas which impede the progress 
of civilization as much as those of theo- 
logians, politicians or economists ; though 
scientists have labored for generations to 
explain natural phenomena, the world is 
still full of mysteries ; though knowledge 
has increased enormously, man is still 
wicked. Perhaps the worst sin that 
science has perpetrated is the giving to 
civilized man comfort, convenience and 
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leisure, so that he does not have to think 
daily about how he is going to live 
through. Science has come, the good old 
days are gone forever; man has not only 
become soft and degenerate, but remains 
sinful. 

As Shaw says in his introduction to 
Saint Joan, ‘‘Men fear what they do not 
understand.’’ The writer begs leave, as 
a scientist, to say a few words for science 
and will attempt to give some idea of 
what science stands for and what it is. 
‘The laboratories have conquered, but 
their triumphs are sealed within their 
walls.’" The first author quoted at the 
head of this essay in a recent book? states 
that science is mechanism, and that 
mechanism is anti-religious. He then 
skilfully and astutely destroys his straw 
man. Of course almost any fellow on 
the street knows that scientists have very 
diverse views on religion. It is a mistake 
to attempt to raise the old issue between 
science and religion ; alive in the days of 
Spencer and Huxley but now dead. 
Most scientists respect religion and ap- 
preciate what it has done for man. To- 
day thoughtful theologians do not blame 
science for the troubles of the world. An 
everyday man is quite satisfied to enjoy 
the benefits of religion and science with- 
out worrying much about either. A few 
agitators continually shake bugaboos be- 
fore the. public and thus magnify their 
own importance. Some of these are wild 
enthusiasts ; some are just gossips. 

Dr. Carrel*® says that science has ‘‘de- 
stroyed the world of soul.’’ This is true 
in so far as ‘‘the scientific method’’ has 
made people more sensible and critical 
of archaic, primitive and naive notions 
of souls, but it has by no means done 
away with belief in souls and God, even 
among scientists. Perhaps the clearest 


10. Riddle, Science, 83: 69-74, 1936. 

2‘* Religion and the Science of Life.’’ Dur- 
ham, N.C. xv +263 pp. 

8 ‘*Man, the Unknown.’’ N. Y. xvii+ 346 
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discussion of the relations between sci- 
ence and metaphysics has been presented 
by Bergson.* He points out clearly that 
science can never do anything but weigh 
and measure. All a scientist can ever 
hope to do is answer such questions as 
how long?, how fast?, how wide? and 
how much? In addition to knowledge 
gained by weighing and measuring man 
may know other things, and these Berg- 
son groups under intuitive knowledge. 
The crux of the matter is, are there 
things that can not be weighed and mea- 
sured? Bergson, most theologues and 
many scientists believe that there are. 

Theoretically science can do no harm. 
Its sole purpose is to learn the truth 
about natural phenomena, and truth 
should hurt no one. Unfortunately sci- 
entists are human. They are sometimes 
just as bigoted and partisan as other 
men. Some scientists are capable of con- 
cealing truth or of telling half truths to 
help their cause. Some have used discov- 
eries to injure their fellows. But there is 
nothing inherent in science, its methods 
or its teachings that should make men 
wicked. If a man has scientific spirit, 
he is brave in the defense of truth, but 
humble before the mysteries of nature. 
A scientist will always respect evidence 
more than authority. If he is also a gen- 
tleman, he will be open-minded, tolerant, 
eritical but kindly, courageous but cau- 
tious. He will perhaps be characteristi- 
eally methodical, painstaking, accurate, 
persevering and modest. Such a man, 
if he is in the least worthy, will not waste 
his time asserting that religion or other 
matters about which he knows little or 
nothing are evil or worthless. He will 
attend to his own business. 

Science has not changed the nature of 
men or of their societies. It has given 
opportunities, and men have chosen to 
use these to make themselves better or 
worse. The false assumption on the part 

“4 H. Bergson, ‘‘An Introduction to Meta- 
physies.’’ N. Y. iv+92 pp. 1912. 
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of critics is that a scientific discovery 
should mean progress for society. The 
radio gives man unusual ability to com- 
municate over great distances. It may 
be used to give notice of storms and to 
keep ships on their courses through dense 
fogs, and thus benefit man; but it is also 
used to send out misinformation (Zion 
City informs listeners that the earth is 
flat) or to spread selfish propaganda. 

It is not the business of science to make 

men good. Incidentally scientific meth- 
ods of thought may tend to make men 
more sensible and honest with themselves. 
But through all time to come men must as 
individuals or groups struggle toward 
idealism along paths that their time and 
social positions make possible. ‘‘ Human 
beings are much alike over time and 
space. For many thousands of years 
man has been substantially the same kind 
of physical being as he is to-day. 
The simplest form of all societal institu- 
tions is custom. . . . Nowhere is real 
knowledge and science so little in intelli- 
gent demand as in the societal realm, for 
the latter is self-sown to whims and 
dreams of all varieties. . . . There is one 
common misconception about evolution, 
that it means progress. It means adjust- 
ment only.’”® 

A man must adjust himself to society 

5 A. G. Keller, ‘‘ Societal Evolution. The Evo- 
lution of Man.’’ New Haven. 126-151 pp. 


1922. 
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in the particular time and place in which 
he happens to be situated. Some inde- 
pendent spirits resent the daily formal 
observances that civilization exacts and 
revolt, in words or deeds. The tiresome 
routine of formal life tends to fill any 
man with ennui. But man, or society as 
a whole, does not advance by throwing 
away established customs and starting 
anew. Accepted ways of doing things 
may appear to be silly in the light of 
pure reason ; established notions of right 
and wrong may not be sensible, but must 
be observed if one is to be a normal, 
accepted member of society. A professor 
must wear a necktie when he appears 
before his class, but he does not dare to 
appear with a creation about his neck 
that on a student would merely be looked 
upon as ‘‘snappy.’”’ 

Science is a product of modern civili- 
zation. It has been created by sweat 
ing, thoughtful men—men like ourselves. 
Scientists such as Pasteur worked to 
make nature better serve man; those like 
Darwin have labored because they felt 
the urge to drive back the frontiers of 


ignorance. For such men science was 
noble and ennobling. Along with the 
uplifters there are always scientifi 


quacks, charlatans, politicians and lately 
racketeers. Men are just human beings, 
and will be as long as civilization lasts. 
Science is truth, but its applications are 
what men make them. 








NEW LAMPS FOR OLD IN TEXTILE 
TECHNOLOGY 


By E. R. SCHWARZ 
ASSOCIATE PROFESSOR OF TEXTILE ENGINEERING, IN CHARGE OF TEXTILE RESEARCH, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


BotH physies and chemistry are in 
the last analysis simply concerned with 
forms of energy and the manifestations 
in which these forms are combined and 
displayed. Probably no branch of tech- 
nology, therefore, can be anything but a 
combination of these two fundamental 
sciences. Nor is textile technology any 
exception. Even without recognition of 
the fact in the earlier days of the textile 
industry, nevertheless physics, chemis- 
try, biology and mathematics joined 
hands to increase and clarify man’s 
knowledge of the fibers which for un- 
counted centuries had been and still are 
the raw materials for yarn and fabric. 
His knowledge, however, became more 
and more definite and increasingly fruit- 
ful, so that while he was not able to do 
more than but a little toward controlling 
the uniformity and desirability of the 
natural fibers which he used, he was 
eventually able to produce usable syn- 
thetic filaments. Yet none of them can 
be considered substitutes for the natural 
fibers in the sense of duplication of prop- 
erties, as we shall see. Animals must 
still be depended upon to produce wool. 
Plants are still unique producers of cot- 
ton, flax, hemp and jute. Insects are 
still the silk producers. The future will 
be satisfactorily prolific for the textile 
technologist only as the biologist becomes 
more intimately and exactly acquainted 
with the nature and processes of life and 
with the natural synthesis of fibers. 
Progress will be satisfactory only when 
the chemist understands clearly the na- 
ture of the forces which bind the atoms 
into molecules and the molecules into 
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chains. Textiles will be the richer—as 
will science itself—when the physicist 
can understand the nature of the forces 
which stabilize the atom. Expression of 
the laws which will be found to govern 
these manifestations of energy must be 
formulated and made workable by the 
mathematician. 

To say that the future of the textile 
industry rests in the hands of the atom 
splitter is not to speak utter fantasy. 
There was a time when the ultimate was 
expressed by the man who spoke of 
‘‘splitting hairs.’’ Nowadays the tex- 
tile microscopist literally splits hairs— 
and finer structures—as a matter of 
course. And as perfection of technique 
allows him to continue along the path 
of decreasing magnitudes he feels the 
urge, as one man put it, to unscrew the 
inscrutable. He is continually recogniz- 
ing the fact that everything according to 
the modern physics and chemistry is in 
the last analysis a more or less complex 
association of forms of energy. It seems 
logical, therefore, to employ certain 
forms of energy which are fairly well 
understood and controllable for the at- 
tack upon the details of fiber structure. 
The word ‘‘attack’’ is purposely used as 
being descriptive of the work. The tex- 
tile technologist literally bombards the 
atomic structure of the fiber with a hail 
of machine gun bullets in the form of 
x-rays. He lays down a barrage of 
heavier missiles from his mobile artillery 
consisting of ultra-violet lamps. With 
his siege guns composed of polarizing 
microscopes he batters down the last de- 
fenses offered by the fibrils, which are 
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the smallest visible units in the fiber. 
The chemist sets to work sapping and 
mining to plant a high explosive in the 
form of swelling and disintegrating solu- 
tions so that the fiber will be actually 
blown up. And, strange though it may 
seem, the microscopist is even engaged 
in raining incendiary bombs on fibers by 
means of a hot stage used with the micro- 
scope in order that he may study the 
charred ruins to determine the nature 
of the inorganic skeleton remaining. 
Just as steel is thoroughly tested for 
its physical and chemical properties be- 
fore the construction of a machine, 
bridge or building, so the textile tech- 
nologist determines the strength, stretch, 
rigidity and many other properties of 
yarn and fiber later to be fashioned into 
fabric. The study is fascinating, for 
here is a material—simple cloth, if you 
will—which is composed of filaments 
each as strong for its cross section as 
steel, yet producing a structure which is 
amazingly flexible. For uncounted gen- 
erations man has adorned himself and 
his surroundings with more and more 
gorgeous, more and more cleverly con- 
trived tissues. Not only may the degree 
of civilization of nations past and pres- 
ent be measured by the kind of buildings 
which they erected but by the nature and 
excellence of their fabrics. As_ the 
spinning and weaving of textiles was 
probably the oldest art known to man, 
far antedating the working of metals, the 
study of ancient fabrics is an interesting 
one for the archeologist. Where and 
how did the fashioning of leno weaves 
now widely used for draperies and many 
other purposes originate? How were the 
lenos of old Peru woven? Was there a 
connection between the art of tapestry 
weaving in the old world and in the new? 
Who originated pattern constructions 
produced by means of what the modern 
weaver calls a double fabric? All these 
questions and many more outline not 
only a fascinating field for speculation 


on the part of the archeologist, ethnolo- 
gist and historian but present a real 
challenge to the research worker. 

Truly there is nothing new under the 
sun. The insulation of houses with felts 
of all sorts is supposed to be a recent 
development, but for centuries the Mon- 
gols have lived in felt-insulated yurts. 
It is not too long a stretch of the imagina- 
tion to bridge the gap between the felt- 
roofed cart of Tibet and the felt-insu- 
lated top of the latest model sedan. The 
floor of the newest movie theater is cov- 
ered with chenille fur carpet made in the 
same way as the Peruvian pile construe- 
tions of thousands of years ago. The 
ancient and sacred cotton cord of the 
Hindu holy man who lived long-forgot- 
ten years before the Christian era and 
the coronation robes of this year’s proud 
monarch, after all, have much in com- 
mon. The men who go down to the sea 
in ships with their nets and lines can 
vision a textile thread stretching back 
through the years to join them to their 
brother fishermen of the prehistoric 
Swiss lakes. 

Only after the passage of thousands 
of years has man acquired the temerity 
to attempt to duplicate what nature has 
lavishly bestowed for uncounted genera- 
tions through the instrumentality of the 
sheep, the plant and the worm. Even the 
best modern chemist shares humbly with 
the physiologist the knowledge of his 
inability to solve the riddle of why the 
sheep grows wool and not feathers. For 
feathers and wool are strikingly alike in 
the kind and arrangement of the atoms 
which compose them. Dr. Bush' has 
said : 


I have always envied the duck. He can dive 


under water and come up dry. Yet his coat is 
pervious to air as it should be for his good 
health, and it fits beautifully. ... It is cer- 


1 Introduction to ‘‘ Textile Research—A Sur- 
vey of Progress,’’ compiled by the U. 8. Insti- 
tute for Textile Research, Inc., M. I. T. Press, 


1932. 
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tainly true that Solomon in all his glory was 
not arrayed like one of our modern women—not 
a queen but a woman of the people. We have 
progressed. Yet the lily can still exhibit more 
pleasing finish and coloring, to my way of think- 
ing; and the grass of the fields presents me 
with more alluring gradations of greens and 
browns than I find in neckties. Moreover, the 
grass takes on more and more attractive hues 
after long exposure to the sun and rain, and 
neckties do not. This is not intended to be a 
eriticism of the textile research worker, who, 
after all, has been studying his subject for only 
a short time, and who has produced some mar- 
velous fibers and fabrics. Rather we should 
note that there is no field of human endeavor 
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place of guesswork. Little recognized or 
appreciated fiber properties are now 
being used to make better fabrics pos- 
sible. 

For many years it has been known 
that all textile fibers polarize the light 
which passes through them. This fact 
was of purely academic interest until the 
technique of x-ray diffraction photog- 
raphy and the discovery of what the 
organie chemist calls the ‘‘long chain 
molecule’’ came into prominence. Then 
it was realized that the architecture of 











THE MOLECULAR STRUCTURE OF FIBERS 


Left, MODEL OF ONE UNIT OF CELLULOSE MOLE 


FIBER DEMONSTRATING 


in which so much ingenuity and resourcefulness 
has been shown as in textiles, or which has 


brought more benefit to mankind. 


Rayon is an example of this resource- 
fulness, and it is with us to stay. Great 
though the story of its progress has been, 
its future is even greater. No one ean 
tell what discovery of modern science 
will be interpreted to make rayon the 
most unique fiber that man has.at his dis- 
posal. Nor are the natural fibers to be 
neglected when it comes to scientific 
research. The quality of most of the 
commonly used fibers is steadily being 


improved. Measurement is taking the 


ULE; Right, X-RAY DIFFRACTION PATTERN OF BAS' 


MOLECULAR ORIENTATION. 


the fiber (the manner in which its atomic 
building blocks are put together) was 
responsible for the double refractive 
properties of the fibers. And just as 
perfection of workmanship makes for 
strength and permanence in a machine 
or a building, so perfection of orienta- 
tion of long-chain molecules makes for 
strength and uniformity of fiber or fila 
ment. The fiber technologist with his 
polarizing microscope joins the chemist 
with his polymerizations or degradations 
and the physicist with his x-ray tubes 
and high voltage atom splitters to aid the 
textile manufacturer to better utilize the 
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products of nature’s fiber producers, and 
those which he himself squeezes through 
a spinnaret. 

The machines which attempt to dupli- 
cate the combining of fibers into yarn by 
the skilful fingers of the hand spinner 
whose art down to him 
through generations from his cave-man 


has passed 
ancestors have been with us for years. 
Here, too, modern science is making a 
critical survey of the correctness of the 
long-used principle of drafting. The 
cotton lap entering the carding machine 
as a sheet of matted fiber some 42 inches 
wide by less than one-half inch thick is 
drawn out in length more than 30,000,- 
000 times to form a yarn. The problem 
of insuring that each 
section of such a yarn will contain the 
same number of fibers as every other is 
Science 


successive Cross 


almost insoluble by such means. 
must lead the way to better yarn strue- 
ture. 

The familiar loom for weaving fabric 
uses the fundamental motions of carry- 
ing successive filling yarns through sheds 
formed by the separation of the warp 
ends, even as the earliest of American 
weavers, thousands of vears ago, carried 


out the bar loom The 


modern loom is a marvelous combination 


process on his 


of automatic mechanisms. All these 
have been added to those first built into 
a power loom by Cartwright (1743 
1823) before he had ever seen even a 


hand loom. Again science must simplify 
and improve the fabrication of yarn into 
fabrie. 

The ancients used their madder, indigo 
and Tyrian purple to produce colored 


fabries which would not fade. A major 


problem still facing the textile industry 
will 


Why 


carbon, nitrogen, hydro 


is to produce synthetic dyes whic! 
be fast to use, washing and light 

certain atoms 

gen and oxygen) which, in one combina 
tion, produce the indigo used to dye the 
silk filament, itself produced by another 
arrangement of the same atoms, is still to 
be discovered. This problem should in 
terest all of us, for 
dressed fundamentally in an impalpable 


after all we are all 
powder combined with the essential ele 


ment of laughing gas, a whiff of the 
lightest gas we know, plus a fraction of 


the breath of life Such textiles 


Such are some of the 


are 
problems—new and 


} 


old of the textile technologist 
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VERNON LYMAN KELLOGG 


LYMAN KELLOGG scientist, 
author, teacher, citizen of the world, stu- 
dent of life, promoter of scientifie organi- 


These are a few of the designa- 


VERNON 


zations. 
tions which may be applied to the man 
who has recently left us (Hartford, Con- 
necticut, August 8, 1937) after long 
and useful life which began in the home 
town of his famous friend, Will White 


1867 


(Emporia, Kansas, December 1, 
Between these dates the small-town Kan- 
sas boy saw much of the world, served 
with fields of 
human activity, contributed usefully to 


great leaders in many 
the advancement of biological knowledge, 
but, above all, stood out as an interpreter 
of life and its evolutionary development. 
He received an early impulse toward bio- 
logical study through association with his 
and H. Snow, 
who oceupied the of 
and mathematies in the early days of the 
University of Kansas. When be- 
came chancellor of the university, Kel- 


teacher friend, Francis 


‘settee’’ selence 


Snow 


loos 


served as his assistant and private 
secretary until he went to California in 
1894. At Stanford he became 


likewise intimately associated its 


Leland 
with 
president, an even more famous biologist, 
David Starr Jordan, and with him for 
almost two decades collaborated in the 
production of numerous texts upon ele- 
mentary biology and upon the philosophy 
During the World War he 
was on leave and closely associated with 
another noted friend, Herbert Hoover, 
in the alleviation of suffering in Belgium 
and Poland. 
country he joined in the movement to 
establish the National Research Council 
as the executive body of the National 
Academy of Sciences for bringing sci- 
entific aid to the government in its war 


of biology. 


Upon his return to this 


activities. Under the peace-time con- 


ore 


viv 


tinuation of the National Research Coun 


cil he was made it 
in office he 
tragic illness obliged 
it in 1932. 
into many related phases of scientific and 


S permanent secretary, 


continued until his 


TO 


which 
him relinquish 


In this association he was led 


philanthropic organization There he 
held administrative positions in Scienes 
Service, the Council of the American 
Association for the Advancement Se 
ence, the Rockefeller Foundatio the 
Brookings Institution and many others 
In most of his activities he was associated 
with powerful leaders whom he served 
as a faithful and efficient friend 

In his work as an interpreter, however 
he went alone, and it is here that he was 
most at home. Even as a student he felt 
the urge to share his thoughts and im 
pressions of nature with others. In the 
local paper he ran a column entitled 
‘*Bird Notes,’’ in which the captivating 
stvle which characterized his writings 
early made itself manifest. The broad 


implications of biology always appealed 


to him and he wrote extensively upon 
evolution and Darwinism In his own 
studies, concerned mainly with insects, 


he came to see the value of the practical 
applications of biology to human welfare 
and not only wrote upon this subject at 


some length, but proceeded to an evalua 


tion of Luther Burbank’s work. It was 
not surprising with this background that 
he turned easily to the practical use of 


science in the amelioration of human suf 


fering during the war. Equally natu 
| L 


rally he extended his thought to the prob 
lems of human behavior, so many phases 
of which appeared in exaggerated form 
under the stress of conflict, and not only 


was he a good interpreter of the way 
people think and act, but he was both 
able and interesting in his presentation 
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of observations and conclusions. Kel- 
logg’s activities, though varied, sprang 
largely from his early manifested inter- 
est in teaching. At first this followed 
the conventional personal instruction of 
student by teacher, but very soon it ex- 
tended itself into the writing of text 
books for similar types of instruction, 
passing then into the production of works 
dealing with theoretical biological ques 
tions. Always, however, with the mind 
of the interpreter, he sought to bring to 
the general reader some knowledge of the 
way in which the problems of life and 
living appear to men who give them 
serious thought against a comparative 
biological background. In many other 
ways he showed his interest in eduea- 
tional matters, utilizing often toward this 
end the connections established in the 


National Researeh Council. Conspicu- 
ous in this direction was his chairman- 
ship of the Division of Educational 
Relations, wherein he had many oppor- 
tunities for the study and promotion of 
educational projects. As the years 
passed there was less and less of writing 
and teaching and more and more of ad- 
ninistration, until it became all-absorb- 
ing and excessive—and then the final 
incapacitating illness brought a linger- 
ing end to all physical efforts, although 
a sustained interest in old pursuits and 
friends continued to the last. Many 
responsibilities came to Kellogg and all 
these he met with ease and ability. Hon- 
ors came also in corresponding measure, 
and they were carried modestly and with- 
out ostentation. 
C. E. McC. 


THE ROCHESTER MEETING OF THE AMERICAN CHEMICAL SOCIETY 


With 3,483 chemists registered, the 
ninety-fourth meeting of the American 
Chemical Society in Rochester, N. Y., 
from September 6 to 10, was the second 
largest in the history of the society, ap- 
proaching the record figure of the Chem- 
ical Industry Tercentenary meeting in 
New York in the spring of 1935. 

At seventeen divisions and the micro- 
chemical section, 472 scientific papers 
were read. The general session on Wed- 
nesday, September 8, which was Central 
Day, was addressed by Dr. Nevil Vincent 
Sidgwick, of Lincoln College, Oxford, 
one of the leaders of the modern school 
of organic chemistry in Great Britain. 
Dr. Sidgwick spoke on ‘‘ The Uniqueness 
of Carbon.’’ Dr. C. E. K. Mees, director 
of research of the Eastman Kodak Com- 
pany, illustrated ‘*‘ Recent Developments 
in Color Photography.”’ 

Dr. Edward R. Weidlein, director of 
the Mellon Institute of Industrial Re- 
search, gave the annual presidential ad- 
dress on Tuesday evening at the East- 
man Theater, depicting ‘‘A World of 


Change.’” America, Dr. Weidlein de- 


clared, has achieved the chemical leader 
ship of the world. 

‘‘It grows more and more apparent 
that to help one’s country to be chemi- 
cally independent is the profoundest kind 
of patriotism,’’ Dr. Weidlein concluded. 
‘*The objective of scientific research 
to-day, moreover, is broader than the 
solution of technological and chemical 
problems. It takes into its view the 
responsibility for enlivening the imagina 
tion of the masses who will be the chief 
beneficiaries of these new ways of living. 
A true scientist 
changing world.’’ 

Rochester’s three largest hotels, the 


expects to live in a 


Seneca, Sagamore and Powers, were over- 
run during the meeting. While the 
Seneca was the headquarters hotel, divi- 
sional meetings were also held at the 
Eastman School of Music, the Sagamore, 
the Rochester Club, the Powers, the 
Rochester Gas and Electric Corporation 
Building and the Columbus Building. 
The society’s council, convening on 
"Wednesday morning, gave a rising vote 
of thanks to the members of the Rochester 
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DEAN FRANK CLIFFORD WHITMORE 


PENNSYLVANIA STATE COLLEGE, PRESIDENT OF THE AMERICAN CHEMICAL Sov 

section ‘‘for such a good meeting.’’ Sec- Panhandle and one at Dallas and Fort Worth 
. fr Most important of , federal incorporation to 

retary Charles L. Parsons reported: “os po 
take place Jar ry 1, 1938, has been granted by 
1937 has been a banner year for the American Congress and the act has been signed by th 
Chemical Society. To date, 2,773 new members President. This is an accomplishment of the 
have joined the society, making a total member utmost value to the success of the American 
Subscriptions to the society’s Chemical Society and its opportunities for 


ship of 20,538. 
journals have also notably increased. When it 
is taken into consideration that the budgeted ex 
penditure for the society in 1937 is in excess of 
$622,000, a rough idea is gained of the extent 
of the society ’s business and the return it makes 
to its membership. This is especially emphasized 
by the fact that of this amount only $186,700 
comes from membership dues. Funds necessary 
for the Third Decennial Index were raised, chem 
ical industry contributing over $100,000 of this 
amount. Three new local sections have been 
chartered, one at Wilson Dam, one in the Texas 


usefulness. 


The council announced the award of 
the first Francis P. Garvan gold medal 
to Dr. Emma P. Carr, of Mt. Holyoke 
College, ‘‘for her researches in physical 
chemistry, especially on the structure of 
organic molecules by means of absorp 
tion studies in the far ultra-violet por 
tion of the spectrum.’’ Dr. Carr, who 
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DR. NEVIL VINCENT SIDGWICK DR. C. E. K. MEES 
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LAND, WHO ADDRESSED A GENERAL SESSION OF EASTMAN KopAK COMPANY, ROCHESTER, N. Y.., 


THE AMERICAN CHEMICAL SOCIETY. WHO SPOKE BEFORE A GENERAL MEETING. 
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receive the 
meeting in 


leave, will 
ninety-fifth 


is on sabbatical 
medal at the 
Dallas, Texas. 

The establishment of a prize of $1,000 
and a gold medal for outstanding 
achievement in milk chemistry by the 
Borden Company was also announced. 
The award will be made annually for 
three years beginning in 1939 under the 
direction of the society. 

The Langmuir Prize of $1,000 
presented on Wednesday afternoon to 
Dr. E. Bright Wilson, assistant profes- 
sor of chemistry in Harvard Univer- 
sity, twenty-eight years of age, for out- 


was 


standing experimental work in physical 
chemistry. 

Seventy-one foreign chemists attended 
‘*wrecked’’ the hous- 


the meeting, which 


ing facilities of Rochester. Every hotel 
room in the city was taken, as well as the 
University of Rochester dormitories and 
many rooms in private homes. Of the 
foreign chemists, forty-nine were from 
Canada, three from Germany, eight from 
England, two from New Zealand, three 
from Holland, two from Belgium and one 
each from Brazil, Puerto Rico, British 
West Indies and Dutch West Indies. 
The plant trips arranged for Rochester 
were an exceptionally successful feature 
All Rochester industries 
were extremely hospitable, opening doors 


of the meeting. 


to visiting chemists without exception. 
There was splendid entertainment and 
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about forty-five special luncheons, din- 
ners and group meetings. 
The Symposium on ‘Are 
Medicinal Discoveries and on 
the Public Interest?’’ attracted the larg 
est attendance (something over 500) and 
the speakers Dr. Morris Fishbein, of 
the American Medical Association, Dean 
H. L. Russell, of the Wisconsin Alumni 


(George B 


Patents on 
Foods in 


Research Foundation, and 


Schley, Indianapolis attorney—were fol 
lowed by lively and extensive discussion 
from the floor 


The two-day Symposium on Gaseous 


Combustion, convening through Thurs 
day and Friday, was the longest one of 
the meeting and was also very well at 
tended, with time allowance for discus 
sion found too short Growing interest 


in the of the Microchemistry 


Seetion caused its room To he overflow ng 


programs 


at all times 
In the History of Chemistry Division, 
Jane Marecet’s ‘‘' 


Was a 


a dramatization of 


versations of Chemistry’”’ depar 


ture from the standard example ol 
scientific paper Four evening radio 
broadeasts brought chemical science 
down to chatty, informal language 
under the direction of D. H. Killeffer 
of New York Nearly a dozen show 


windows in Rochester department stores 


Gas and Electric Building 


and in the 
were devoted to spt ¢ial chemical exhibits 
(ORRESPONDENT 


THE SEPARATION OF NITROGEN AND POTASSIUM ISOTOPES 


SEPARATION of the heavy isotope of 
nitrogen for the first time in quantities 
‘*tagged’’ 


sufficient to provide a new 


atom for far-reaching investigations of 
physiological processes and other scien- 
tific enigma was announced to the Ameri- 
can Chemical Society, meeting at Roch 
ester, by Professor Harold C. Urey, of 
Columbia University, winner of the 1934 
Nobel prize in chemistry for his discov- 
ery of ‘‘heavy water.’’ 

Dr. Urey and his co-workers, Dr. John 
R. Huffman, H. G. Thode and Marvin 


Fox, 
effort a distinctly 
which two tenths of a gram of 


have developed after two years’ 
chemical method by 
‘heavy ”’ 
nitrogen can be produced every twenty 
four hours, a speed one hundred times 
greater than previously attained by sci 
entists who had separated the isotopes, 
or chemical ‘‘twins,’’ by physical means 
based on diffusion of gases. 

With a concentration of heavy nitro 
Dr. Urey, Dr. Rudolf 


Schoenheimer, assistant professor of bio- 


ven provided by 


logical chemistry in the Columbia Uni- 
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(LEFT) AND 


DR. HAROLD CLAYTON UREY, NOBEL PRIZE WINNER 

DR. JOHN R. HUFFMAN 
WATCH THE 35-FOOT COLUMN IN THE CHEMISTRY LABORATORIES OF 
WHICH THE HEAVY ISOTOPE OF IN THE RATIO OF 1 TO EVERY 
THE FIRST TIME. Dr. UREY AND 


COLUMBIA UNIVERSITY BY 


NITROGEN, OCCURRING 262 ORDINARY 
NITROGEN ATOMS, WAS SEPARATED IN SIZABLE QUANTITIES FOR 
HIS CO-WORKERS REPORTED TO THE AMERICAN CHEMICAL SOCIETY, MEETING IN ROCHESTER, N. Y., 
THAT TWO TENTHS OF A GRAM OF ‘‘ HEAVY’’ NITROGEN CAN BE PRODUCED EVERY 24 HOURS, A 
SPEED 100 TIMES GREATER THAN PREVIOUSLY ATTAINED. THE COLUMN, A COUNTERCURRENT 
** SCRUBBING’’ APPARATUS OF THE DISTILLATION TYPE, CONTAINS 1,200 STEEL CONES FITTED INTO 
A SIX-INCH PIPE TOGETHER WITH ALTERNATE CONES ATTACHED TO A ROTATING ROD IN THE CENTER, 
PROVIDING A LARGE SURFACE FOR REACTION BETWEEN AN AMMONIUM SULFATE SOLUTION AND 
AMMONIA GAS. 
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versity School of Medicine, was able to 
establish that hippuric acid, or benzoyl- 
glycine, present in foodstuffs, is directly 
absorbed through the intestinal wall, 
thereby solving one question concerning 
the body’s chemical disposal of a waste 
product. Dr. Schoenheimer, together 
with David Rittenberg, Albert S. Keston, 
Sarah Ratner and Mr. Fox, reported this 
first research employing heavy nitrogen 
as a ‘‘tagged’’ atom in a paper read on 
September 7 before the Division of Bio- 
logical Chemistry of the society. 

The first partial separation of the iso- 
topes of potassium, another element vital 
to life, and a factor in regulating heart 
beat, is also announced by Dr. Urey, T. 
Ivan Taylor, of Columbia University, 
and Dr. A. Keith Brewer, of the U. 8. 
Bureau of Chemistry and Soils. A 5 per 
cent. increase in the normal concentra 
tion of potassium of atomic weight 41 has 
been obtained in the Columbia laborato- 
ries by chemical means, a shift in the po 
tassium isotope abundance hitherto found 
impossible. The method was originated 
by Dr. Urey and Mr. Taylor for their 
work on potassium and lithium isotopes. 

Analyses show that the occurrence of 
the three potassium isotopes of atomic 
weights 39, 40 and 41, vary in minerals, 
seaweed and the marrow of bones. In 
bone marrow, where red blood cells are 
produced, the relative amount of isotope 
41 is greater. The very rare isotope 40 
is known to be radioactive. Isotope 39 
is the abundant one. 

‘‘If 41 is increased in concentration 
in life, it is reasonable to conclude that 
40 would be also,’’ 
out. ‘‘Isotope 40 is radioactive. There- 


Dr. Brewer pointed 


fore interesting speculations arise as to 
where experimentation in the separation 
of these isotopes, so important to the 
biochemistry of plants and animals, may 
lead.’’ 

The total amount of heavy nitrogen 
in coneentration obtained at Columbia 


was as follows: 20 grams containing 2.5 


33 grams 


per cent. of the heavy isotope ; 
of 2.34 per cent. concentration; 400 
grams of lower concentrations 

The heavy isotope of nitrogen, which 
has an atomic weight of 15, is normally 
present to the extent of .38 per cent. In 


all nitrogen, that is, one nitrogen atom 


in every 263 is of the heavy variety It 
Was discovered by Ss M Naude. of the 
University of Chieago, in 1929. Ordi 


nary nitrogen has an atomic weight of 
14. <A rather rare element, nitrogen is 


an important constituent of protoplasn 


and of all proteins It is utilized by 
plants and animals in nutrition, follow 
ing a continuous eyele through nature 


The waste matter of animals is high n 
nitrogen content About four fifths of 
the atmosphere is composed of nitroget 
and it also is found in ammonia, exp! 


sives, dyes and fertilizers 


To concentrate the heavy nitrogen, D1 
Urey and his coworkers used a count 
current ‘serubb no’’ apparatus 


distillation column type, originally dé 
signed by Dean George B. Pegran 


the Columbia Graduate Faculties, and 
recently employed In the success ul mass 
production of the heavy isotope of oxy 
gen. It is thirty-five feet long and co 
tains 1,200 steel cones fitted into a six 
inch pipe Alternate cones are attaches 
to a rotating rod in the cent 
column, thus providing a large surf 


for reaction 


A slight variation in the physical and 


chemical properties of the nitrogen is 
topes makes possible the process, whi 
depends upon a difference in distribut 

of nitrogen isotopes between a liquid s 
lution and a gas In other words, the 
atomic weight of nitrogen in ammonia 


gas which is in equilibrium with a solu 
tion of ammonium sulfate differs from 
that of nitrogen in the ammonium sulfat: 
by about five parts per million 

A solution of ammonium sulfate, whic] 
is an important constituent of fertilizers 
is allowed to run down through the cente1 
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of the column while ammonia gas rises 
from the bottom of the column. The 
ammonia gas dissolves in the solution; 
the ammonia molecules, each containing 
one atom of nitrogen and three atoms of 
hydrogen, leave the gas and go into the 
solution, changing places with the ammo- 
nia molecules in the solution. 

The resulting ammonium sulfate solu- 
tion contains about 2 per cent. more 
heavy nitrogen than did the ammonia 
gas, because the heavier atoms tend to 
stay in the liquid, while the lighter escape 
in the gas. There is thus a net flow of 
heavy nitrogen to the bottom of the 
column. As the solution collects at the 
bottom of the column, the ammonia is 
removed from it and sent upward 
through the column in the form of gas, 
again reacting with the ammonium sul- 
fate to create a solution still richer in 


heavy nitrogen. 


This process of reconversion becomes 
continuous, reaching an efficiency by 
which two tenths of a gram of heavy 
nitrogen is produced every twenty-four 
hours in a concentration six and one half 
times that which normally exists. Only 
one thousandth of a gram of heavy nitro- 
gen in twenty-four hours had been pre- 
viously achieved—a quantity too minute 
for most research purposes. 

While this chemical method was pro- 
posed by Dr. Urey in 1935 and some sepa- 
ration of the nitrogen and carbon iso- 
topes was secured about a year ago, this 
is the first time that such a large separa- 
tion on an extensive scale has been ob- 
tained. Professor Gilbert N. Lewis and 
Dr. R. T. MaeDonald, of the University 
of California, have used a similar method 
to secure an appreciable separation of the 
lithium isotopes. 

CORRESPONDENT 


RACIAL DIFFERENCES 


Dr. Franz Boas, the leading anthro- 
pologist now living, who retired from his 
professorship in Co- 
lumbia University 
last year at the age 
of seventy-seven 
years, holds that no 
fundamental differ- 
ences among the 
races have been 
proved. It is diffi- 
eult to understand 
this point of view, for 
in the course of evo- 
lution there has been 
a development of in- 
telligence and other 
traits, and it is im- 
probable that the 
different races should 
now be on the same 
level. In the arti- 
ficial variations of 
the lower animals 
created by us there are great differences, 
both in physical traits and in behavior. 





ANITA LEGANA WITH TROPHY 


We have the Shetland pony, the nervous 
and bony race horse, the stolid and mas- 
sive Percheron. The 
dogs vary from the 
lap-dogs of the ladies 
to the great Danes, 
from the elever 
sheep-dog to the 
stupid bull-dog. 

But the contention 
of Professor Boas 
is supported and 
common sense is con- 
founded by the ap- 
parent equality of 
the human races in 
athletic perform- 
ance. Most people 
still remember that 
a Negro was the hero 
in the recent Olympic 
games. The writer 
of this note happened 
to be present when 
the final association football game was 
played in the Olympiad at Amsterdam 
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LEFT TO RIGHT: DONALD BUDGE, HALCOMBE WARD, BARON VON CRAM 


some ten years ago. A dozen or more 
nations contended ; the victors were from 
Egypt and the Argentine. England did 
not play, as she claimed that the players 
on the Argentine team were not amateurs 
beeause their wages as factory workers 
were continued during their trip to Am- 
sterdam. As a matter of fact they were 
true amateurs, for they probably worked 
in the factory ten hours a day for six 
days a week and only played football as 
a sport on Sundays. The English were 
probably professionals, for it is likely 
that their principal concern was with 
sports and they had been trained by paid 


coaches. 


Tennis perhaps is the best evidence for 
the similarity of different races in their 
muscular and nervous equipment. The 
international champions and their run- 
ners up come from many nations. At 
the recent games at Forest Hills, which 
are the occasion of this note, the finals 


in the men’s singles were between an 
American and a German, in the women’s 
between a Pole and a Chilean The 
Californians, and especially their Hel 
ens, have probably done so well not 
through physical superiority, but owing 
to climatic and social conditions 

There are obvious physical differences 
between the sexes. As the policeman 
said to the woman who wanted to know 
why she could not bathe in the same at 
tire as the men, ‘‘women is different 
The psychologists have found it difficult 
to find measurable differences in mental 
equipment. One of our most distin 
guished psychologists found in experi 
ments in the association of ideas that 
women thought more about dress than 
men; another psychologist of nearly 
equal standing found the opposite—the 
former was a man, the latter a woman. 
The accompanying picture does illus- 
trate a difference that appears to be real 
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Budge could not faint from excitement 
over winning a tennis match after two 
sets. 

Herr Hitler knows 
grounds of Eton and the 
When long ago the writer of 


Was a 


about the 
methods of 


play 


Sparta. 
this student in 
there were in the universities no athletic 
He, ‘however, 


note Germany, 
games except sport duels. 
played football several times in a Poly 
technic school and could at any time run 
through the line to the goal, for though 
fifty 
pounds the players respectfully moved 
Now all this is different, 
but not through any racial change. 

remarked that 


he weighed only a hundred and 


out of his way. 


Incidentally it may be 
even the physiognomy of the races varies 
In the 
that 


less than is commonly assumed. 
think 


photograph many will one 


rd 


~ 
Sy 
N. 


~ 
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man looks like a German, the other like 
an American. But 
ten Germans and ten 
mixed it is difficult 
from their hair and clothes. In 


if photographs of 
Americans are 
them 


to sort out, 


apart 
deed under these conditions it is difficult, 
often impossible, to discriminate erimi 
nals from clergymen, men from women. 
The winning woman in the picture might 
have come from any Caucasian race 

The problem as to whether national 
differences are frequently set by inheri 
tance or are functional and due to envi 
ronmental conditions is of fundamental 
delight to 


importance. Do ‘‘nations 


fight because it is their nature to,’’ or 
only because they have been badly 
brought up? May not wars disappeal 
as quickly as duels when their futility is 
realized ? J. McK. C 


. 


ANITA LEGANA BEING CARRIED OFF THE COURT AT FOREST HILLS, 
LONG ISLAND 
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Adventure Shop of Anthony Fiala 


Complete Equipment for 
Explorers, Scientists, Engineers, Hunters and Travelers 





We have Equipped many Expeditions from the Poles to the Equator 
Some of these exploring parties we equipped with practically everything they needed from engineering instru 
ments to rifles, ammunition and food. Our tents, made of Equatorial Waterproof Cloth, have stood the sun of 
the tropics and the freezing blasts of the Polar regions 
Let us furnish estimates—write us your wants. 





yN Astronomical and 
Terrestrial 


TELESCOPES 


Fifty years of telescope production have had their effect on 


the astronomical world and it is with pride that the Mogey or 


ganization can point to the world wide circulation of its instru 
ments and the accomplishments of the owner Educational 
institutions of every grade, associations with various aims, and 
individuals in all walks of life possess Mogey telescopes. They 
are to be found in every corner of the United States, in Canada 
in Central and South America, Asia, Africa, and even in Europe 

Mogey & Sons have just developed a new line of astronomica 
and terrestrial telescopes for the amateur astronomer These 
telescopes are made with just the same care as their regular in 
struments for observatories but on a production basis so that the 
price has been considerably reduced. They are made in 50 


m/m, 24%” and 3”. The 50 m/m is a terrestrial telescope of 


40 power, the price of which is only $27.50. Send for circular 
describing these splendid instruments 


Surveying, Topographical and Navigation Instruments by 
W.& L. E. GURLEY HENSOLDT & SONS 
C.& L. BERGER & SONS CARL ZEISS, Ine. 
AMERICAN PAULIN SYSTEM & OTHER 
HIGH GRADE MANUFACTURERS, 
EXPERT GUNSMITHING AND REPAIRING 

















The Paulin Altimeter, the most accurate aneroid used for leveling by engineers and geologists 


EASTERN REPRESENTATIVE 


FIALA OUTFITS, Inc. 


ANTHONY FIALA, Pres 
10 Warren Street, New York City 
TELEPHONE CORTLANDT 7-4725 CABLE “AFIALA” NEW YORK 
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Commended by Two Book Clubs 





IN QUEST OF GORILLAS 


By 
PROFESSOR W. K. GREGORY and H. C. RAVEN 


of The American Museum of Natural History 
and Columbia University 


( a story of an expedition under the auspices of the American Museum 


of Natural History and Columbia University to collect adult gorillas in 
equatorial Africa. 


It is the outstanding book on African exploration of the past decade, ranking with such classics 
as Stanley’s ‘‘ How I Found Livingstone.’’ Readable, authentic and humanly realistic, it offers 
the literary traveller the entertaining and often thrilling companionship of famous explorers. 
From the east coast through the heart of equatorial Africa the expedition wends its way westward 
in search of the giant anthropoids. Along the way, black Africa weaves its charm of mystery and 
humor until one feels with the authors the utter timelessness of jungle history. ‘‘In Quest of 
Gorillas’’ will long remain the outstanding book on African exploration; to read it is to know 


the real Africa. 


Appreciated by Scientist and Layman! 
“The Jungle is Made Vivid” 


‘¢The authors are adept at relating scientific details, descriptions of nature, of people and animals 
in flowing conversational style, weaving them together in a tale which is accurate, often beautiful, 
sometimes humorous and always entertaining and informative. ... The black people and the 
small mammals and birds become alive to the reader, and the riotous beauty of the jungle is 
made vivid.’’ Editorial Committee in Scientific Book Club Review. 


“Infectious—a Different Africa Emerges” 


‘*The authors have a generous breadth of interest, taking in geology and sleeping sickness, colonial 
administration, cloud effects over Mount Kivu, and feet, especially human feet. All this is set 
down with a pleasant sense of humor, a quiet insistence on sober truth-telling, and an objective 
point of view which combined with fine photographs, give a sense of reality very new in books 
about African explorations . . . for book-travellers who want to make an interesting trip with 
two stimulating and first-class minds for company.’’ Dorothy Canfield in Book-of-the-Month 


Club News. 


“A Particularly Readable Volume” 


‘*Here is one of the very best books that has been published on African adventure. It ranks 
with that fascinating classic of Henry M. Stanley recounting his adventures in ‘How I Found 
Livingstone.’ . . . The authors have produced a particularly readable volume. The text is filled 
with observations about contacts with the natives and the customs of tribes, with high spots of 
interest and humor. In addition to ethnological notes, there are stories of animal and plant life 
and vivid descriptions of jungles, lakes and mountains. . . . The authors go on to describe the 
search for and contact with the giants in a fascinating and thrilling fashion.’’ Raymond L. 
Ditmars in New York Herald Tribune Books, 


271 text pages; 119 pages of illustrations. $3.65 postpaid 
THE DARWIN PRESS - NEW BEDFORD, MASSACHUSETTS 
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Full Freedom of Selection 


The Editorial Committee of the Scientific Book Club, by 
calling attention to the books which are of outstanding char- 
acter in the various branches of science, helps you save both 
your time and money. 

The books which come before Drs. Mather, Compton, Stet 
son and Thorndike are carefully appraised both from the stand- 
point of style and accuracy. Their comments, published in 
the Scientific Book Club Review, portray clearly and without 
prejudice exactly what members may expect of the books when 
they arrive. 

Yet the Club allows full freedom to the personal opinions 
of its members in book selection. 

By joining, you immediately enlist the services of four 





distinguished scientists whom you know and respect. Each 
month the Scientific Book Club Review brings you free, their 
opinions and appraisals of the best new scientific books. Al- 


ways, their recommendations cover as many fields as the cur 
rent output of books by the publishers permit. 

But the members of the Editorial Committee suggest, they 
do not dictate, what you shall read. 

If you want it, the book upon which they have placed their 
highest stamp of approval is sent. If, after examination, you | 
do not want the book, you may return it. You may want one 
of the supplementary recommendations instead. You may 
have it. Or, you may decide, after reading the Review, that 
you want to let a month pass without a book. You may do so. 

Thus you are guaranteed against dissatisfaction. | 

As a member you need take only six books a year. | 

If you will sign and return the attached coupon the book 
named on it (a former Scientific Book Club Selection) will be 
sent free by return mail. 

EDITORIAL Scientific Book Club, Inc. 
COMMITTEE 80 Lafayette Street, New York, N. Y. 


You may enroll me as a subscriber to yo nd 


your service a l 
send me without cost OUR NATURAL RESOURCES AND 


Dr. Kintiey F. Matuer, Px.D., Sc.D., THEIR CONSERVATION by A. E. Parkins and J. R 
Ch Whitaker (385.00 edition) I am not committed to tak 
pasr man more than six books during the coming year and I agre 
to notify you promptly during any month in which no 
book is wanted The price of the book sent to me eac 
f > > ‘ a i : “a i 
Dr. AxrHur H. Compton, Px.D., month is to be the publisher's price plus postag« A bill 
LL.D., Se.D. is to be sent with each book and I agree to pay it within 
10 days of receipt SM 30 
Dr. Hartan T. Sretson, Px.D. 
Te: Getes 
Dr. Epwarp L. THornpike, Px.D., ON SS ee 


Sc.D., LL.D. 
City and State 
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Mental Hygiene from the 
Non-Institutional Viewpoint! 


The great majority of dissertations on mental diseases are either 


too vague or too general to be of any usefulness to a doctor with a 


mentally disordered patient on his hands. This book records the 
non-institutional management of the emotional, nervous, and pe 


sonality disorders as well as the milder phases of the various psy 


‘hoses. It fully sets forth the symptoms, signs, diagnosis, diff 
ential diagnosis, prognosis and treatment or management. 


Theory and Practice of PSYCHIATRY 


Embraces Entire Field A Complete Guide for Diagnosis 
This new work in the field of mental hygiene embraces and Prescription 


the entire field. It discusses mental mechanism, the un 


} 


conscious and the subconscious, the significance of dreams, Doctor Sadler’s book is essentially a hand} 


ook, giv 


and other attitudes. It includes a discussion of symptom ing all who are professionally responsible fo1 “the 
atology, diagnosis and prognosis of mental disease entities, mental health of children, adoless ents, adults and 
ind includes a description of methods of examining senescents, a convenient guide for diagnosis and 
P : preseription. The book is divided into five s¢ 
Deals with Entire tions: I, Theory of Psychiatry. II. Personalit 


H P li P oble 1S, III. The Neurose " IV. The Psyel OSes, 
uman fF ersona ity V. Psychotherapeutics. The book begins with a 

interesting historical introduction, giving a detail 
discussion of the eight schools of mod 


with a brief statement of the tenets of each s¢ 


Reviewing Sadler's book the Medical Woman's Journal 
“In psychiatry we are dealing with the entire human 


n psychiati 


} 


says 
nool, 


personality, seeing it as functioning on six possible Jevels, 


including the moral and spiritual; therefore, he has dis 'welve chapters comprise the section on ‘‘ Theor) 
cussed adjustment to these situations 4 human being is of Psychiatry.’’ Here is given the Etiology, 8S) ny 
something more than a machine; therefore, the psychia tomatology, Examination, Diagnosis and Prognosi 
trist must deal with the maladjusted patient on a different of mental conditions. In the section on ‘* Perso 

+1 


plane. The author believes much may be done by the ali Problems,’’ covering nearly 200 pages, 





physician to ameliorate the sufferings of the neurotic uthor starts with a defining of personality, its 
patient.” classifications, and its sorts and techn que of ma 
edinat ant ‘ he eds o trace tft > Ind 
This book fills a gap in psychiatric literature for it deals aay on t, and om _ se ' m 

vidual through life from the nursery to full m 


with pre-institutional psychoses, cases met in general medi : 

cal practice and in the mental hygiene clinics as well as turity, discussing development, types, problems and 
by the psychiatrist. The book treats of many subjects not treatment. Twenty-three chapters are given ov 

ordinarily included in books on psychiatry which have to a discussion of the psycho-neuroses. The psy 


heretofore been available choses are treated in eight detailed chapt rs. 


By WM. 8. SADLER, M.D., Chief Psychiatrist and Director, 
the Chicago Institute of Research and Diagnosis; Consulting 


Psychiatrist to Columbus Hospital. 1231 pages. Prie«, $10.00. 


THE C. V. MOSBY COMPANY 
3525 Pine Blvd., St. Louis, Mo. ScM.10.37 


Gentlemen: Send me Sadler ‘‘ Theory and Practice of Psychiatry,’’ charging my account. 
The price is $10.00. 


Dr. Address. 


—_ 














Important New Publications 
NEW WORK JUST READY 


GENERAL HYGIENE AND PREVENTIVE MEDICINE 


A Tezxt-book for College Students, Medical Students, Nurses, Public Health Workers and 
Social Workers 








/ BY EDITED BY 
i JOHN WEINzIRL, M.S., PH.D., Dr.P.H. ADOLPH WEINzIRL, B.S., M.D., C.P.H. 
; Late Professor of Bacteriology and Director of the Alice Health Officer, Portland, Oregon; Clinical Professor of 
: McDermott Foundation of the University Public Health, University of Oregon 
of Washington Medical School 


Octavo, 424 pages. Cloth, $4.00, net. 


This work is a unique contribution in a crowded field, in that the subject has been approached from an essentially new 
viewpoint, namely, that of the methods employed to control disease and to improve the health of individuals. To this end, all 
other material has been subordinated. A considerable number of diseases are described, their contro! is explained in detail 
and the results are outlined and evaluated. Finally, the diseases that may be controlled by the method under consideration 
are listed. The book should prove to be a valuable contribution to the subject of hygiene and to fulfill a real need. College 
students in advanced courses, medical students, nurses, public health workers, social workers and teachers in training will 
find it a useful adjunct to their equipment. 





i NEW (2d) EDITION JUST READY 


; ELEMENTARY CHEMISTRY 


With Practical Applications 


By Imo P, BAUGHMAN, Px.D. 


Instructor in Chemistry in the Los Angeles Junior College, 
Los Angeles, California 


ee tell 


12mo, 296 pages, illustrated. Cloth, $2.75, net. 


This book is an outgrowth of a course in general chemistry that has been thoroughly and successfully tested at the Los 
Angeles Junior College. The topics discussed are those which will be found most useful in every-day life. The study of 
elements and their compounds is fairly complete and includes those which have the greatest value in their fields. The book 
thus provides an understanding of some of the more general principles of practical chemistry, without going into any particular 
phase too deeply. It emphasizes the facts and principles which are most needed by the student, especially in the fields of 
nutrition, hygiene, sanitation and medicine, and presents the chemical aspects of daily life particularly useful in the hospital 
ward, the operating room, the laboratory and the home. 





' 
NEW WORK JUST READ} 
By CHARLES FRANKLIN CRAIG, and Ernest Carro_. Faust, 
M.D., M.A. (Hon.), F.A.C.S., F.A.C.P., Col., U. 8. M.A., PH.D. 
Army (Retired), D.S.M. Professor of Parasitology in the Department of Tropical 
Professor of Tropical Medicine in the Tulane University of Medicine, the Tulane University of Louisiana, 
Louisiana, New Orleans, Louisiana New Orleans, Louisiana 
Octavo, 733 pages, illustrated with 243 engravings. Cloth, $8.50, net. 


This volume has been designed to provide the physician and student with authoritative information on all the important 
advances in clinical parasitology. It is, of course, impossible for them to make first-hand acquaintance with all phases of the 
subject, yet animal parasites provide such serious clinical and public health problems that they cannot be ignored. The work 
presents in concise form the essential facts concerning the parasites, the symptoms caused by their presence and the important 
é methods of diagnosis, treatment and the control of the diseases which they produce. The authors are well known in their 

' 





respective fields, in which they are recognized as authorities. They cover the theoretical and practical problems in such a way 
as to make their work of equal value to practising physicians, to students of medicine, and to graduate and undergraduate 
students in parasitology. 








NY LEA @ FEBIGER py, WAnINOTON Savane 





Please send me books checked : 
i [) Weinzirl’s General Hygiene and Preven- [) Craig & Faust’s Clinical Parasitology $8.50 
tive Medicine $4.00 
4 ()Baughman’s Elementary Chemistry 2.75 [) New Catalogue. 
Name ' . Address 
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OOKS 


A cogent appraisal of the contributions science has 
made to the solution of philosophical problems 


‘Aspects of Science 4 Tosias DANTZIG 


The author of the fascinating Number: the Language of Science turns in this new book to an analysis 
of the human issues in the development of scientific concepts, showing what answers man’s scientific 
theories can offer to the ageless problems of his own existence—problems of freedom of will, of man’s 


relation to nature, of immortality. $3.00 


‘General Psychology 6y WILLIAM STERN 


This book, a translation from the German by Howard Davis Spoerl, is the first text in English to provide 
a comprehensive treatment of general psychology from the personalistic point of view. Written by the 
man who founded the personalistic school, the book is not only a valuable text for courses in general 


psychology but also an important contribution to the whole field of psychology. 
To be published in the fall. 


“Advanced Calculus by W. B. FITE 


A text for students who have had two or three semesters of calculus, this book covers thoroughly such 
topies as Taylor’s expansion with the remainder, the definite and indefinite integrals, improper and infinite 
integrals, double and triple integrals, infinite series, power series, series of orthogonal functions, implicit 
functions, calculus of variation, and functions of a complex variable. To be published in the fall. 


‘A History of Land Mammals in 
the Western Hemisphere 


by W. B. SCOTT 


A new revised edition, completely rewritten except for the chapter on the skeleton, of the only complete 
reference book on Western land mammals. To be published in the fall. 


MACMILLAN NEW YORK 





